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PREFACE 

This  volume  presents  the  resuhs  of  psychological  studies 
of  human  learning  and  organizes  and  interprets  them  for 
students'  use.  It  is  not  a  complete  summary  and  criticism  of  the 
experimental  work  on  this  topic;  for  such  a  summary  and 
criticism  would  be  too  heterogeneous  and  too  complicated  by 
intricacies  of  method  and  argument  On  the  other  hand  it  is 
not  a  dogmatic  account  of  the  facts  as  I  myself  see  and  judge 
them ;  for  such  an  account,  though  of  merit  in  respect  to  clear- 
ness, brevity  and  straightforwardness,  would  not  supply  the 
training  in  first-hand  examination  of  quantitative  methods  and 
results  which  advanced  students  of  educational  psychology  need. 

It  is  desirable  that  students  of  this  volume  should  have  read 
Chapters  I,  II,  IX  and  XII  of  the  previous  volume,  especially 
Chapters  IX  and  XII. 

Teachers  College,  Columbia  University, 
June,  1913 
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The  Psychology  of  Learning 

chapter  i 
Introduction 

The  intellect,  character  and  skill  possessed  by  any  man  is 
the  product  of  certain  original  tendencies  and  the  training 
which  they  have  received.  His  eventual  nature  is  the  develop- 
ment of  his  original  nature  in  the  environment  which  it  has 
had.  Human  nature  in  general  is  the  result  of  the  original 
nature  of  man,  the  laws  of  learning,  and  the  forces  of  nature 
amongst  which  man  lives  and  learns. 

In  a  previous  volume*  the  original  tendencies  of  man  as 
a  species  were  listed  and  described.  It  was  shown  that  these 
constitute  an  enormous  fund  of  connections  or  bonds  of  vary- 
ing degrees  of  directness  and  strength  between  the  situations 
furnished  by  physical  forces,  plants,  animals  and  the  behavior 
of  other  men  and  the  responses  of  which  the  human  creature 
is  capable.  Many  of  these  tendencies  are  notably  modifiable; 
and  some  of  them — such  as  vocalization,  manipulation,  curi- 
osity, 'doing  something  to  have  something  happen,'  and  'making 
a  variety  of  responses  to  an  annoying  state  of  affairs  which 
continues  in  spite  of  this,  that  and  the  other  responses' — 
are  veritable  hot-beds  for  the  growth  of  learned  habits. 

These  original  human  tendencies  include  also  certain  ones 
whereby  modifiability  or  learning  itself  is  possible.  These 
are  best  thought  of  in  the  form  of  the  three  laws  of  Readi- 
ness. Exercise  and  Effect.  The  Law  of  Readiness  is :  When 
any  conduction  unit  is  in  readiness  to  conduct,   for  it  to  do 

*  Educational  Psychology,    Vol.   I,    The   Original  Nature   of  Man. 
I  I 
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SO  is  satisfying.  When  any  conduction  unit  is  not  in  readiness 
to  conduct,  for  it  to  conduct  is  annoying.  When  any  con- 
duction unit  is  in  readiness  to  conduct,  for  it  not  to  do  so  is 
annoying.  By  a  satisfying  state  of  affairs  is  meant  one  which 
the  animal  does  nothing  to  avoid,  often  doing  things  which 
maintain  or  renew  it.  By  an  annoying  state  of  affairs  is 
meant  one  which  the  animal  does  nothing  to  preserve,  often 
doing  things  which  put  an  end  to  it. 

The  Law  of  Exercise  comprises  the  laws  of  Use  and  Disuse. 

The  Law  of  L^se  is :  When  a  modifiable  connection  is 
made*  between  a  situation  and  a  response,  that  connection's 
strength  is,  other  things  being  equal,  increased.  By  the 
strength  of  a  connection  is  meant  roughly  the  probability  that 
the  connection  will  be  made  when  the  situation  recurs.  Greater 
probability  that  a  connection  will  be  made  means  a  greater 
probability  for  the  same  time,  or  an  equal  probability,  but  for 
a  longer  time.f  This  probability  in  any  case  would  be  for 
the  recurrence  of  the  connection,  supposing  all  other  con- 
ditions— of  general  health,  general  or  special  fatigue,  interest, 
time  of  day,  distraction  by  competing  tendencies,  and  the 
like — to  be  equal.  Furthermore,  in  certain  cases,  where  the 
probability  that  the  connection  will  be  made  as  the  result  of 
the  mere  presence  of  the  situation  is  zero,  the  connection  still 
may  exist  with  a  measurable  degree  of  strength,  shown  by 
the  fact  that  it  can  be  re-made  more  readily.}  Also,  in  certain 
cases  in  each  of  which  the  probability  that  the  connection  will 
be  made  is  lOO  per  cent,  the  connections  still  may  exist  with 

*  The  vigor  and  duration  of  each  'making'  of  the  connection  count,  as 
well  as  the  number  of  times  that  it  is  made. 

t  Thus,  a  certain  greater  strength  of  the  connection  between  the  situa- 
tion. 'What  is  the  square  of  i6?'  and  the  response,  '256I  may  mean  that  the 
probability  of  that  response  to  that  situation  is  now  ninety  out  of  a  hun- 
dred instead  of  sixty  out  of  a  hundred ;  or  that  it  is  ninety-nine  out  of  a 
hundred  for  fifty  days  hence  instead  of  for  twenty  days  hence. 

t  Thus,  though  a  man  was  utterly  unable  to  give  the  English  equiva- 
lents of  a  hundred  Greek  words,  both  on  January  i,  1905,  and  on  Jan.  i. 
1910,  he  might  have  been  able  to  relearn  them  in  thirty  minutes  in  1905, 
but  only  in  sixty  minutes  in  1910. 


INTRODUCTION  3 

different  degrees  of  strength,  shown  by  the  fact  that  the 
probability  of  loo  per  cent  will  hold  for  a  week  only  or  for  a 
year;  will  succumb  to  a  slight,  or  prevail  over  a  great,  dis- 
traction ;  or  will  otherwise  show  little  or  much  strength. 
Thus,  if  the  reader  will  read  and  repeat  miscob  rait  of  once 
or  twice  he  may  be  apparently  as  able  to  supply  the  raltof 
when  miscoh  is  presented  as  if  he  had  read  and  repeated  these 
words  a  thousand  times :  but  the  future  history  of  the  two 
connections  would  reveal  their  differences  in  strength. 

Ultimately  degrees  of  strength  of  a  connection  in  behavior 
will  be  defined  as  degrees  of  some  anatomical  or  physiological 
fact  whereby  synapses  between  neurones  differ  in  intimacy. 

Varying  symptoms  that  we  now  refer  to  the  'strength'  of  a 
connection  will  then  each  appear  as  a  consequence  of  this  dif- 
ference in  the  neurones  concerned.  For  the  present,  greater 
strength  has  to  mean  either  a  greater  percentage  of  occurrence 
under  equal  conditions  outside  of  itself;  or  an  equal  percentage 
of  occurrence  for  a  longer  time,  or  against  greater  competition ; 
or  a  readier  reestablishment  to  equal  strength  (tested  in  any 
of  the  above  ways)  ;  or  some  even  more  subtle  and  indirect 
effects  on  behavior. 

It  should  be  borne  in  mind  also  that  the  connection  is 
often  a  compound  of  several  connections  each  having  possibly 
a  different  degree  of  strength.  Thus,  the  connection  between 
the  situation.  Understanding  of  and  desire  to  fidfiU  the  com- 
mand, "Write  that  man's  full  name,"  and  the  response  of 
writing  Jonathan  Edwards  Leighton  is  multiple.  One  of  the 
names  may  be  remembered  and  the  other  not;  the  bond  pro- 
ductive of  the  general  structure  of  the  name  may  be  strong, 
but  all  the  others  very  weak,  with  the  result  that  Timothy 
Williams  Damon  is  the  best  that  can  be  done;  similarly  for 
many  variations  in  completeness,  spelling,  and  so  on.  The 
actual  physiological  bond  in  even  the  apparently  most  single 
connections  is  doubtless  a  compound,  and  subject  to  variation 
by  varying  unevenly  in  its  different  parts  as  well  as  by  an 
equal  strengthening  or  weakening  of  them  all. 
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The  Law  of  Disuse  is :  When  a  modifiable  connection  is 
not  made  between  a  situation  and  a  response  during  a  length 
of  time,  that  connection's  strength  is  decreased.  The  explan- 
ations and  qualifications  stated  in  connection  with  the  Law  of 
Use  apply  here  also. 

The  Law  of  Effect  is :  When  a  modifiable  connection 
between  a  situation  and  a  response  is  made  and  is  accompanied 
or  followed  by  a  satisfying  state  of  affairs,  that  connection's 
strength  is  increased :  When  made  and  accompanied  or  fol- 
lowed by  an  annoying  state  of  affairs,  its  strength  is  decreased. 
The  strengthening  effect  of  satisfyingness  (or  the  weakening 
effect  of  annoy ingness)  upon  a  bond  varies  with  the  closeness 
of  the  connection  between  it  and  the  bond.  This  closeness  or 
intimacy  of  association  of  the  satisfying  (or  annoying)  state 
of  affairs  with  the  bond  in  question  may  be  the  result  of 
nearness  in  time  or  of  attentiveness  to  the  situation,  response 
and  satisfying  event  in  question.  'Strength'  means  the  same 
here  as  in  the  case  of  the  Law  of  Use. 

These  laws  were  briefly  explained  and  illustrated  in  the 
previous  volume.  By  their  action  original  tendencies  are 
strengthened,  preserved,  weakened,  or  altogether  abolished ;  old 
situations  have  new  responses  bound  to  them  and  old  re- 
sponses are  bound  to  new  situations;  and  the  inherited  fund 
of  instincts  and  capacities  grows  into  a  multitude  of  habits, 
interests  and  powers.  They  are  the  agents  by  which  man 
acquires  connections  productive  of  behavior  suitable  to  the 
environment  in  which  he  lives.  Adaptation,  adjustment,  reg- 
ulative change,  and  all  other  similar  terms  descriptive  of  suc- 
cessful learning,  refer  to  their  effects.  The  consideration  of 
their  action  in  detail  and  of  the  results  to  which  it  leads  is 
one  task  of  this  volume. 

A  man's  intellect,  character  and  skill  is  the  sum  of  his 
tendencies  to  respond  to  situations  and  elements  of  situations. 
The  number  of  different  situation-response  connections  that 
make  up  this  sum  would,  in  an  educated  adult,  run  well  up 
into  the  millions.     Consequently,  in  place  of  any  list  of  these 
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detailed  tendencies  to  make  responses  Fi,  To,  r^,  etc.,  to  each 
particular  situation,  we  may  summarize  the  man  in  terms 
of  broader  traits  or  functions,  such  as  'knowledge  of  German,' 
'honesty,'  'speed  in  writing,'  'love  of  music,'  'memory  for 
figures,'  'fidelity  of  visual  images  of  faces,'  and  the  like. 

In  educational  theories  of  human  learning,  and  still  more 
in  the  actual  control  of  it  by  school  practice,  these  larger  traits 
or  functions — these  knowledges,  powers,  conducts,  interests 
and  skills — rather  than  the  elementary  connections  and  readi- 
nesses of  which  they  are  composed,  are  commonly  the  subjects 
of  discussion  and  experiment.  Psychological  theory  and 
experimentation  have  also  been  engaged  with  traits  or  func- 
tions each  of  which  denotes  a  group  of  elementary  tendencies, 
though  the  traits  or  functions  or  abilities  which  have  been 
investigated  by  psychologists  are  usually  narrower  than  those 
just  listed.  For  example,  amongst  the  functions  which  have 
been  somewhat  elaborately  studied  are  'rapidity  in  tapping 
as  with  a  telegraph  key,'  'the  delicacy  of  discrimination  of 
pitch.'  'ability  to  grasp  and  retain  a  series  of  nonsense  sylla- 
bles,' 'skill  in  tossing  balls,'  and  'interest  in  puzzles.' 

Facts  concerning  the  nature  of  such  'traits'  or  'functions' 
or  'abilities'  and  their  improvement  by  practice  have  been 
accumulating  very  rapidly  in  the  course  of  the  last  fifteen  years. 
To  present  and  interpret  these  facts  is  the  second  task  of  this 
volume,  and  the  one  to  which  the  majority  of  its  pages  will 
be  assigned. 


chapter  ii 

The  Laws  of  Learning  in  Animals 

SAMPLES    OF    animal    LEARNING 

The  complexities  of  human  learning  will  in  the  end  be 
best  understood  if  at  first  we  avoid  them,  examining  rather  the 
behavior  of  the  lower  animals  as  they  learn  to  meet  certain 
situations  in  changed,  and  more  remunerative,  ways. 

Let  a  number  of  chicks,  say  six  to  twelve  days  old,  be 
kept  in  a  yard  (YY  of  Figure  I)  adjoining  which  is  a  pen 
or  maze  (x\  B  C  D  E  of  Figure  I).  A  chick  is  taken  from 
the  group  and  put  in  alone  at  A.  It  is  confronted  by  a 
situation  which  is,  in  essence,  Confining  walls  and  the  absence 
of  the  other  chicks,  food  and  familiar  surroundings.  It  reacts 
to  the  situation  by  running  around,  making  loud  sounds, 
and  jumping  at  the  walls.  When  it  jumps  at  the  walls,  it 
has  the  discomforts  of  thwarted  effort,  and  when  it  runs 
to  B,  or  C,  or  D,  it  has  a  continuation  of  the  situation  just 
described;  when  it  runs  to  E,  it  gets  out  and  has  the  satis- 
faction of  being  with  the  other  chicks,  of  eating,  and  of  being 
in  its  usual  habitat.  If  it  is  repeatedly  put  in  again  at  A, 
one  finds  that  it  jumps  and  runs  to  B  or  C  less  and  less 
often,  until  finally  its  only  act  is  to  run  to  D,  E,  and 
out.  It  has  formed  an  association,  or  connection,  or  bond, 
between  the  situation  due  to  its  removal  to  A  and  the  response 
of  going  to  E.  In  common  language,  it  has  learned  to  go 
to  E  when  put  at  A — has  learned  the  way  out.  The  decrease 
in  the  useless  rtmning  and  jumping  and  standing  still  finds 
a  representative  in  the  decreasing  amount  of  time  taken  by 
the  chick  to  escape.     The  two  chicks  that  formed  this  par- 
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ticular  association,  for  example,  averaged  three  and  a  half 
minutes  (one  about  three  and  the  other  about  four)  for  their 
first  five  trials,  but  came  finally  to  escape  invariably  within 
five  or  six  seconds. 


Fig.  I. 


/ 


The  following  schemes  represent  the  animal's  behavior 
(i)  during  an  early  trial  and  (2)  after  the  association  has 
been  fully  formed — after  it  has  learned  the  way  out  perfectly. 

(1) 

Behavior  in  an  Early  Trial. 

Resulting  States  of  Affairs. 
Annoying  continuation  of  the 
situation  and  thwarting  of  the 
inner  tendencies. 


Situation. 

Responses. 

As  described 

To  chirp,  etc. 

above,  in  the 

text 

To  jump  at  various 

places. 

To  run  to  B. 

"     "     "  c. 

«              U           U       J) 

«■     "     "    E. 

Satisfj'ing  company,  food  ani 
surroundings. 
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(2) 


Behavior  in  a  Trial  After  Learning. 

Responses.  Resulting  States  of  Affairs. 

To  run  to  E.  Satisfying  as  above. 


Situation. 
Same  as  in  (i). 

A  graphic  representation  of  the  progress  from  an  early 
trial  to  a  trial  after  the  association  has  been  fully  formed  is 
given  in  the  following  figures,  in  which  the  dotted  lines  repre- 
sent  the  path   taken  by   a  turtle   in  his  fifth    (Fig.   2)    and 


^:^>-^'^ 

iS'""^^ 

/* 

• 

1 

••  • 

Nest 

Fig.  2.     The  path  taken  by  a  turtle  in  finding  his  way 
from  A  to  his  nest,  in  his  stb  trial. 

fiftieth  (Fig.  3)  experiences  in  learning  the  way  from  the 
point  A  to  his  nest.  The  straight  lines  represent  walls  of 
boards.     Besides  the  useless  movements,   there  were,   in   the 


A             -     --^^^ 

'■■■,^^r-^;^_^^^  .,, 

.' 

; 

1 

Xest 

Fig.  3.     The  path  taken  by  a  turtle  in  finding  his  way 
from  A  to  his  nest,   in   his  50th  trial. 
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fifth  trial,  useless  stoppings.  The  time  taken  to  reach  the 
nest  in  the  fifth  trial  was  seven  minutes ;  in  the  fiftieth,  thirty- 
five  seconds.  The  figures  represent  typical  early  and  late 
trials,  chosen  from  a  number  of  experiments  on  different 
individuals  in  different  situations,  by  Dr.  R.  M.  Yerkes,  to 
whom  I  am  indebted   for  permission  to  use  these  figures. 

Let  us  next  examine  a  somewhat  more  ambitious  perform- 
ance than  the  mere  discovery  of  the  proper  path  by  a  chick 
or  turtle.  If  we  take  a  tox  twenty  by  fifteen  by  twelve 
inches,  replace  its  cover  and  front  side  by  bars  an  inch  apart, 
and  make  in  this  front  side  a  door  arranged  so  as  to  fall 
open  when  a  wooden  button  inside  is  turned  from  a  vertical 
to  a  horizontal  position,  we  shall  have  means  to  observe  such. 
A  kitten,  three  to  six  months  old,  if  put  in  this  box  when 
hungr}',  a  bit  of  fish  being  left  outside,  reacts  as  follows : 
It  tries  to  squeeze  through  between  the  bars,  claws  at  the 
bars  and  at  loose  things  in  and  out  of  the  box,  stretches  its 
paws  out  between  the  bars,  and  bites  at  its  confining  walls. 
Some  one  of  all  these  promiscuous  clawings,  squeezings,  and 
bitings  turns  round  the  wooden  button,  and  the  kitten  gains 
freedom  and  food.  By  repeating  the  experience  again  and 
again,  the  animal  gradually  comes  to  omit  all  the  useless 
clawings.  and  the  like,  and  to  manifest  only  the  particular 
impulse  (e.  g.,  to  claw  hard  at  the  top  of  the  button  with 
the  paw,  or  to  push  against  one  side  of  it  with  the  nose) 
which  has  resulted  successfully.  It  turns  the  button  around 
without  delay  whenever  put  in  tlie  box.  It  has  formed  an 
association  between  the  situation,  confinement  in  a  box  of  a 
certain  appearance,  and  the  response  of  clawing  at  a  certain 
part  of  that  box  in  a  certain  definite  zvay.  Popularly  speaking, 
it  has  learned  to  open  a  door  by  turning  a  button.  To  the 
uninitiated  observer  the  behavior  of  the  six  kittens  that  thus 
freed  themselves  from  such  a  box  would  seem  wonderful  and 
quite  unlike  their  ordinary  accomplishments  of  finding  their 
way  to  their  food  or  beds,  but  the  reader  will  realize  that  the 
activity  is  of  just  the  same  sort  as  that  displayed  by  the  chick 
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in  the  pen.  A  certain  situation  arouses,  by  virtue  of  accident 
or,  more  often,  instinctive  equipment,  certain  responses.  One 
of  these  happens  to  be  an  act  appropriate  to  secure  freedom. 
It  is  stamped  in  in  connection  with  that  situation.  Here  the  act 
is  clawing  at  a  certain  spot  instead  of  running  to  E,  and  is 
selected  from  a  far  greater  number  of  useless  acts. 

In  the  examples  so  far  given  there  is  a  certain  congruity 
between  the  'set'  associated  with  the  situation  and  the  learning. 
The  act  which  lets  the  cat  out  is  hit  upon  by  the  cat  while, 
as  we  say,  trying  to  get  out,  and  is,  so  to  speak,  a  likely 
means  of  release.  But  there  need  be  no  such  congruity  be- 
tween the  'set'  and  the  learning.  If  we  confine  a  cat,  opening 
the  door  and  letting  it  out  to  get  food  only  when  it  scratches 
itself,  we  shall,  after  enough  trials,  find  the  cat  scratching 
itself  the  moment  it  is  put  into  the  box.  Yet  in  the  first 
trials  it  did  not  scratch  itself  in  order  to  get  out,  or  indeed 
until  after  it  had  given  up  the  unavailing  clawings  and  squeez- 
ings,  and  stopped  to  rest.  The  association  is  formed  with 
such  an  'unlikely'  or  'incongruous'  response  as  that  of  scratch- 
ing, or  licking,  or  (in  the  case  of  chicks)  pecking  at  the 
wing  to  dress  it,  as  truly  as  with  a  response  which  original 
nature  or  previous  habit  has  put  in  connection  with  the  set 
of  the  organism  toward  release,  food,  and  company. 

The  examples  chosen  so  far  show  the  animal  forming 
a  single  association,  but  such  may  be  combined  into  series. 
For  instance,  a  chick  learns  to  get  out  of  a  pen  by  climbing 
up  an  inclined  plane.  A  second  pen  is  then  so  arranged  that 
the  chick  can,  say  by  walking  up  a  slat  and  through  a  hole 
in  the  wall,  get  from  it  into  pen  No.  i.  After  a  number  of 
trials  the  chick  will,  when  put  in  pen  No.  2,  go  at  once  to  pen 
No.  I,  and  thence  out.  A  third  pen  is  then  so  arranged  that 
the  chick,  by  forming  another  association,  can  get  from  it 
to  pen  No.  2,  and  so  on.  In  such  a  series  of  associations  the 
response  of  one  brings  the  animal  into  the  situation  of  the  next, 
thus  arousing  its  response,  and  so  on  to  the  end.  Three  chicks 
thus  learned  to  go  through  a  sort  of  long  labyrinth  without 
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mistakes,  the  'learning'  representing  twenty-three  associations. 
The  learning  of  the  chick,  turtle  and  kitten  in  the  cases 
quoted  is  characterized  negatively  by  the  absence  of  inferential, 
ratiocinative  thinking;  and  indeed  by  the  absence  of  effective 
use  of  'ideas'  of  any  sort.  Were  the  reader  confined  in  a 
maze  or  cage,  or  left  at  some  distance  from  home,  his  re- 
sponses to  these  situations  would  almost  certainly  include  many 
ideas,  judgments,  or  thoughts  about  the  situation;  and  his 
acts  would  probably  in  large  measure  be  led  up  to  or  'mediated' 
by  such  sequences  of  ideas  as  are  commonly  called  reasoning. 
Between  the  annoying  situation  and  the  response  which  relieves 
the  annoyance  there  might  for  the  reader  well  intervene  an 
hour  of  inner  consideration,  thought,  planning  and  the  like. 
But  there  is  no  evidence  that  any  ideas  about  the  maze,  the 
cage,  the  food,  or  anything  else,  were  present  to  determine 
the  acts  of  the  chicks  or  kittens  in  question.  Their  responses 
were  made  directly  to  the  situation  as  sensed,  not  via  ideas 
suggested  by  it.  The  three  cases  of  learning  quoted  are 
adequately  accounted  for  as  the  strengthening  and  weakening 
of  bonds  between  a  situation  present  to  sense  and  responses 
in  the  nervous  system  which  issue  then  and  there  in  movement. 
The  lower  animals  do  occasionally  show  signs  of  ideas  and 
of  their  influence  on  behavior,  but  the  great  bulk  of  their 
learning  has  been  found  explainable  by  such  direct  binding 
of  acts  to  situations,   unmediated  by   ideas. 

CHARACTERISTICS    OF    ANIMAL    LEARNING 

These  cases,  and  the  hundreds  of  which  they  are  typical, 
show  the  laws  of  readiness,  exercise,  and  effect,  uncomplicated 
by  any  pseudo-aid  from  imitation,  ideo-motor  action,  or  superior 
faculties  of  inference.  There  are  certain  states  of  affairs  which 
the  animal  welcomes  and  does  nothing  to  avoid — its  satisfiers. 
There  are  others  which  it  is  intolerant  of  and  rejects,  doing  one 
thing  or  anotlier  until  relieved  from  them.  Of  the  bonds  which 
the  animal's  behavior  makes  between  a  situation  and  responses 
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those  grow  stronger  which  are  accompanied  by  satisfying 
states  of  affairs,  while  those  accompanied  by  annoyance  weaken 
and  disappear.  Exercise  strengthens  and  disuse  weakens 
bonds.  Such  is  the  sum  and  substance  of  the  bulk  of  animal 
learning. 

These  cases  exemplify  also  five  characteristics  of  learning 
which  are  secondary  in  scope  and  importance  only  to  the  laws 
of  readiness,  exercise,  and  effect. 

The  first  is  the  fact  of  multiple  response  to  the  same  ex- 
ternal situation.  The  animal  reacts  to  being  confined  in  the 
pen  in  several  ways,  and  so  has  the  possibility  of  selecting  for 
future  connection  with  that  situation  one  or  another  of  these 
ways.  Its  own  inner  state  changes  when  jumping  at  the 
wall  at  B  produces  a  drop  back  into  the  pen,  so  that  it  then 
is  less  likely  to  jump  again — more  likely  to  chirp  and  run. 
Running  to  C  and  being  still  confronted  with  the  confining 
walls  may  arouse  an  inner  state  which  impels  it  to  turn  and  run 
back.  So  one  after  another  of  the  responses  which,  by  origi- 
nal nature  or  previous  learning,  are  produced  by  the  confining 
walls  plus  the  failure  of  the  useless  chirpings,  jumpings  and 
runnings,  are  made. 

This  principle  of  Multiple  Response  or  Varied  Reaction 
will  be  found  to  pervade  at  least  nine-tenths  of  animal  and 
human  learning.  As  ordinarily  interpreted,  it  is  not  universal, 
since,  even  if  only  one  response  is  made,  the  animal  may 
change  its  behavior — that  is,  learn — either  by  strengthening 
the  connection  so  as  to  make  that  response  more  surely,  more 
quickly  and  after  a  longer  interval  of  disuse;  or  by  weakening 
the  connection  so  as  to  l3e  more  likely  to  do  nothing  at  all 
in  that  situation,  inactivity  being  a  variety  of  response  which 
is  always  a  possible  alternative.  If  we  interpret  variety  of 
reaction  so  as  to  include  the  cases  where  an  animal  either 
makes  one  active  response  or  is  inactive — that  is,  either  alters 
what  it  was  doing  when  the  situation  began  to  act,  or  does 
not  alter  what  it  was  doing — the  principle  of  varied  response 
is  universal  in  learning. 
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The  second  of  the  five  subsidiary  principles  is  what  we 
may  call  the  law  of  the  learner's  Set  or  Attitude  or  Adjust- 
ment or  Determination.  The  learning  cannot  be  described 
adequately  in  a  simple  equation  involving-  the  pen  and  a  chick 
taken  abstractly.  The  chick,  according  to  his  age,  hunger, 
vitality,  sleepiness  and  the  like,  may  be  in  one  or  another 
attitude  toward  the  external  situation.  A  sleepier  and  less 
hungry  chick  will,  as  a  rule,  be  'set'  less  toward  escape-move- 
ments when  confined ;  its  neurones  involved  in  roaming,  per- 
ceiving companions  and  feeding  will  be  less  ready  to  act; 
it  will  not,  in  popular  language,  'try  so  hard  to'  get  out  or 
'care  so  much  about'  being  out.  As  Woodworth  says  in  com- 
menting  upon    similar   cases    of   animal    learning: 

"In  the  first  place  we  must  assume  in  the  animal  an 
adjustment  or  determination  of  the  psycho-physical  mechanism 
toward  a  certain  end.  The  animal  desires,  as  we  like  to 
say,  to  get  out  and  to  reach  the  food.  Whatever  be  his  con- 
sciousness, his  behavior  shows  that  he  is,  as  an  organism,  set 
in  that  direction.  This  adjustment  persists  till  the  motor 
reaction  is  consummated;  it  is  the  driving  force  in  the  unre- 
mitting efforts  of  the  animal  to  attain  the  desired  end.  His 
reactions  are,  therefore,  the  joint  result  of  the  adjustment 
and  of  stimuli  from  various  features  of  the  cage.  Each  single 
reaction  tends  to  become  associated  with  the  adjustment." 
[Ladd  and  Woodworth,  'ii.  p.  551.] 

The  principle  that  in  any  external  situation,  the  responses 
made  are  the  product  of  the  'set'  or  'attitude'  of  the  animal, 
that  the  satisfyingness  or  annoyingness  produced  by  a  response 
is  conditioned  by  that  attitude,  and  that  the  'successful'  response 
is  by  the  law  of  effect  connected  with  that  attitude  as  well 
as  with  the  external  situation  per  se — is  general.  Any  process 
of  learning  is  conditioned  by  the  mind's  'set'  at  the  time. 

Animal  learning  shows  also  the  fact,  which  becomes  of 
tremendous  moment  in  human  learning,  that  one  or  another 
element  of  the  situation  may  be  prepotent  in  determining  the 
response.  For  example,  the  cats  with  which  I  experimented, 
would,  after  a  time,  be  determined  by  my  behavior  more  than 
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by  other  features  of  the  general  situations  of  which  that 
behavior  was  a  part;  so  that  they  could  then  learn,  as  they 
could  not  have  done  earlier,  to  form  habits  of  response  to 
signals  which  I  gave.  Similarly,  a  cat  that  has  learned  to  get 
out  of  a  dozen  boxes — in  each  case  by  pulling  some  loop, 
turning  some  bar,  depressing  a  platform,  or  the  like — will, 
in  a  new  box,  be,  as  we  say,  'more  attentive  to'  small  objects 
on  the  sides  of  the  box  than  it  was  before.  The  connections 
made  may  then  be,  not  absolutely  with  the  gross  situation  as 
a  total,  but  predominantly  with  some  element  or  elements  of 
it.  Thus,  it  makes  little  or  no  difference  whether  the  box 
from  which  a  cat  has  learned  to  escape  by  turning  a  button, 
is  faced  North,  South,  East  or  West;  and  not  much  difference 
if  it  is  painted  ten  per  cent  blacker  or  enlarged  by  a  fifth. 
The  cat  will  operate  the  mechanism  substantially  as  well  as 
it  did  before.  It  is,  of  course,  the  case  that  the  animals  do  not, 
as  a  thoughtful  man  might  do,  connect  the  response  with 
perfect  strictness  just  to  the  one  essential  element  of  the 
situation.  They  can  be  much  more  easily  confused  by  vari- 
ations in  the  element's  concomitants;  and  in  certain  cases 
many  of  the  irrelevant  concomitants  have  to  be  supplied  to 
enable  them  to  give  the  right  response.  Nevertheless  they 
clearly  make  connections  with  certain  parts  or  elements  or 
features  of  gross  total  situations.  Even  in  the  lower  animals, 
that  is,  we  find  that  the  action  of  a  situation  is  more  or  less 
separable  into  the  action  of  the  elements  that  compose  it — 
that  even  they  illustrate  the  general  Law  of  Partial  Activity* 
— that  a  part  or  element  or  aspect  of  a  situation  may  be  pre- 
potent in  causing  response,  and  may  have  responses  bound 
more  or  less  exclusively  to  it  regardless  of  some  or  all  of  its 
accompaniments. 

If  a  cat  which  has  never  been  confined  in  a  box  or  cage 

of  any  sort  is  put  into  a  box  like  that  described  a  few  pages 

back,   it  responds   chiefly  by  trying  to  squeeze  through  the 

openings,  clawing  at  the  bars  and  at  loose  objects  within  the 

*  Or,  better,  the  law  of  piecemeal  activity,  or  activity  by  parts. 


THE    LAWS    OF    LEARNING    IN    ANIMALS  1$ 

box,  reaching-  out  between  the  bars,  and  pulHng  at  anything 
then  within  its  grasp.  In  short,  it  responds  to  this  artificial 
situation  as  it  would  by  original  nature  to  confinement,  as 
in  a  thicket.  If  a  cat  which  has  learned  to  escape  from  a 
number  of  such  boxes  by  manipulating  various  mechanical 
contrivances,  is  confined  in  a  new  box,  it  responds  to  it  by 
a  mixture  of  the  responses  originally  bound  to  confining  ob- 
stacles and  of  those  which  it  has  learned  to  make  to  boxes 
like  the  new  one. 

In  both  cases  it  illustrates  the  Law  of  Assimilation  or 
Analogy  that  to  any  situations,  which  have  no  special  original 
or  acquired  response  of  their  own,  the  response  made  will  be 
that  which  by  original  or  acquired  nature  is  connected  with 
some  situation  which  they  resemble.  For  S2  to  resemble  Si 
means  for  it  to  arouse  more  or  less  of  the  sensory  neurones 
which  Si  would  arouse,  and  in  more  or  less  the  same  fashion. 

The  last  important  principle  which  stands  out  clearly  in 
the  learning  of  the  lower  animals  is  that  which  I  shall  call 
Associative  Shifting.  The  ordinary  animal  'tricks'  in  response 
to  verbal  signals  are  convenient  illustrations.  One,  for  ex- 
ample, holds  up  before  a  cat  a  bit  of  fish,  saying,  "Stand 
up."  The  cat,  if  hungry  enough,  and  not  of  fixed  contrary 
habit,  will  stand  up  in  response  to  the  fish.  The  response, 
however,  contracts  bonds  also  with  the  total  situation,  and 
hence  to  the  human  being  in  that  position  giving  that  signal 
as  well  to  as  the  fish.  After  enough  trials,  by  proper  arrange- 
ment, the  fish  can  be  omitted,  the  other  elements  of  the 
situation  serving  to  evoke  the  response.  Association  may  later 
be  further  shifted  to  the  oral  signal  alone.  With  certain 
limitations  due  to  the  necessity  of  getting  an  element  of  a 
situation  attended  to,  a  response  to  the  total  situation  ABC 
D  E  may  thus  be  shifted  to  B  C  D  E  to  C  D  E,  to  D  E, 
to  E.  Moreover,  by  adding  to  the  situation  new  elements 
F,  G,  H,  etc.,  we  may,  subject  to  similar  limitations,  get  any 
response  of  which  a  learner  is  capable  associated  with  any 
situation  to  which  he  is  sensitive.     Thus,  what  was  at  the 
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start  utterly  without  power  to  evoke  a  certain  response  may 
come  to  do  so  to  perfection.  Indeed,  the  situation  may  be 
one  which  at  the  start  would  have  aroused  an  exactly  opposite 
response.  So  a  monkey  can  be  taught  to  go  to  the  top  of  his 
cage  whenever  you  hold  a  piece  of  banana  at  the  bottom 
of  it. 

These  simple,  semi-mechanical  phenomena — multiple  re- 
s]ionse,  the  cooperation  of  the  animal's  set  or  attitude  with 
the  external  situation,  the  predominant  activity  of  parts  or 
elements  of  a  situation,  the  response  to  new  situations  as  to 
the  situations  most  like  them,  and  the  shifting  of  a  response 
from  one  situation  to  another  by  gradually  changing  a  sit- 
uation without  disturbing  the  response  to  it — which  animal 
learning  discloses,  are  the  fundamentals  of  human  learning 
also.  They  are,  of  course,  much  complicated  in  the  more 
advanced  stages  of  human  learning,  such  as  the  acquisition 
of  skill  with  the  violin,  or  of  knowledge  of  the  calculus,  or 
of  inventiveness  in  engineering.  But  it  is  impossible  to  under- 
stand the  subtler  and  more  planful  learning  of  cultivated  men 
without  clear  ideas  of  the  forces  which  make  learning  possible 
in  its  first  form  of  directly  connecting  some  gross  bodily 
response  with  a  situation  immediately  present  to  the  senses. 
Moreover,  no  matter  how  subtle,  complicated  and  advanced 
a  form  of  learning  one  has  to  explain,  these  simple  facts — 
the  selection  of  connections  by  use  and  satisfaction  and  their 
elimination  by  disuse  and  annoyance,  multiple  reaction,  the 
mind's  set  as  a  condition,  piecemeal  activity  of  a  situation, 
with  prepotency  of  certain  elements  in  determining  the  re- 
sponse, response  by  analogy,  and  shifting  of  bonds — will, 
as  a  matter  of  fact,  still  be  the  main,  and  perhaps  the  only, 
facts  needed  to  explain  it. 


chapter  iii 

Associative  Learning  in  Man 

varieties  of  learning 

We  may  roughly  distinguish  in  human  learning  (l)  con- 
nection-forming of  the  common  animal  type,  as  when  a  ten- 
months-old  baby  learns  to  beat  a  drum,  (2)  connection- forming 
involving  ideas,  as  when  a  two-year-old  learns  to  think  of 
his  mother  upon  hearing  the  word,  or  to  say  candy  when  he 
thinks  of  the  thing,  (3)  analysis  or  abstraction,  as  when  the 
student  of  music  learns  to  respond  to  an  overtone  in  a  given 
sound,  and  (4)  selective  thinking  or  reasoning,  as  when  the 
school  pupil  learns  the  meaning  of  a  Latin  sentence  by  using 
his  knowledge  of  the  rules  of  syntax  and  meanings  of  the 
word-roots. 

Connection-forming  of  the  common  animal  type  occurs 
frequently  in  the  acquisitions  of  early  infancy,  in  'picking  up' 
swimming  or  skating  undirected,  in  increasing  the  distance 
and  precision  of  one's  hits  in  golf  or  baseball  by  the  mere  try, 
try  again  method,  and  in  similar  unthinking  improvement  of 
penmanship,  acting,  literary  style,  tact  in  intercourse,  and  indeed 
almost  every  sort  of  ability.  Such  direct  selection  of  responses 
to  fit  a  situation,  irrespective  of  ideas  of  either,  appears  in 
experimental  studies  of  human  learning. 

Thus,  a  person  absorbed  in  reading  the  copy,  holding  it  in 
mind  and  getting  it  typewritten  as  fast  as  he  can,  will  modify 
his  responses  to  various  elements  in  the  situations  met  so 
as  to  write  more  efficiently,  without  thinking  of  the  element 
in  question,  or  of  how  he  has  responded  to  it,  or  of  the  change 
he  is  actually  making  in  the  response.  Book  indeed  says  :  "The 
special  introspective  notes  of  our  learners  .  .  .  revealed  .  .  . 
that  all  new  adaptations  or  short  cuts  in  method  were  un- 
2  17 
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consciously  made,  i.e.,  fallen  into  by  the  learners  quite  unin- 
tentionally .  .  .  The  learners  suddenly  noticed  that  they  were 
doing  certain  parts  of  the  works  in  a  new  and  better  way, 
then  purposely  adopted  it  in  the  future."  ['08,  pp.  92  and 
95].  Similarly  a  person  whose  general  aim  is  to  solve  a 
mechanical  puzzle  may  hit  upon  the  solution,  or  some  part 
of  it,  in  the  course  of  random  fumbling,  may  hit  upon  it 
sooner  in  the  next  trial,  and  so  progress  in  the  learning — all 
with  little  help  from  ideas  about  the  puzzle  or  his  own  move- 
ments. Ruger,  who  studied  the  process  of  learning  in  the 
case  of  such  puzzles,  quotes  ['10,  p.  21  ff.]  samples  of  such 
approach  to  learning  of  the  animal  type,  such  as;  "I  have  no 
idea  in  the  world  how  I  did  it.  I  remember  moving  the  loop 
of  the  heart  around  the  end  of  the  bar,  and  the  two  pieces 
suddenly  came  apart."  He  says,  in  a  general  account  of  this 
matter : 

"The  behavior  of  human  subjects  in  the  puzzle  tests  .  .  . 
showed  many  of  the  features  usually  accredited  to  the  behavior 
of  animals  in  contrast  with  that  of  human  beings.  The  times 
for  repeated  successes  in  a  number  of  cases  remained  high  and 
fluctuating,  the  time  for  later  trials  in  a  given  series  being 
often  greater  than  that  for  the  first  success.  Acts  which 
made  no  change  in  the  situation  whatever  were  at  times  re- 
peated indefinitely  and  without  modification.  In  successive 
trials  of  a  series,  after  an  essential  step  toward  a  solution  had 
been  performed  correctly,  it  was  reversed  and  done  over  several 
times  with  irrelevant  movements  interspersed  before  the  subject 
passed  on  to  the  next  step  ...  In  practically  all  of  the 
cases  random  manipulation  played  some  part  and,  in  many 
cases,  a  very  considerable  part  in  the  gaining  of  success." 
[ibid.,  p.  9.] 

If  the  reader  will  trace,  fairly  rapidly,  the  outline  of,  say, 
a  six-pointed  star,  looking  only  at  the  reflection  of  it  and  his 
hand  given  by  a  mirror,  he  will  get  a  useful  illustration  of  the 
animal-like  learning  by  the  gradual  elimination  of  wrong  re- 
sponses. As  Starch  has  shown  ['10],  one  may  make,  again 
and  again,  responses  which  thought  could  have  told  us  were 
wrong.     As  he  says  ['10,  p.  21],  "Apparently  the  only  way 
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to   reach   the   Hne   is   to  keep   on    trying   till   one   succeeds." 

Learning  is  indeed  theoretically,  and  perhaps  in  fact,  pos- 
sible without  any  other  factors  than  a  situation,  an  animal 
whose  inner  conditions  it  can  change,  the  retention  of  certain 
of  these  conditions  in  the  animal  because  they  favor,  and  the 
abandonment  of  certain  others  of  them  because  they  disturb, 
the  life-processes  of  the  neurones  concerned  at  the  time.  The 
bare  fact  of  selective  association  of  response  to  situation  is 
all  that  is  needed  for  certain  cases  of  learning. 

Other  cases  follow  the  same  simple  associative  plan,  save 
that  ideas  are  terms  in  the  associated  series.  The  familiar 
mental  arithmetic  drills  of  childhood,  wherein  we  were  made 
to  "Take  6.  add  5,  subtract  2,  divide  by  3,  multiply  by  5,  add 
9,  divide  by  6,  and  give  the  answer,"  differ  from  the  long 
maze  through  which  the  chicks  were  put,  essentially  in  that 
the  situations,  after  the  first  'Take  6,'  and  the  responses,  until 
final  announcement  of  the  answer,  include  ideas  as  components. 

The  formation  of  connections  involving  ideas  accounts  for 
a  major  fraction  of  'knowledge'  in  the  popular  sense  of  the 
term.  Words  heard  and  seen,  with  their  meanings,  events 
with  their  dates,  things  with  their  properties  and  values, 
numerical  problems,  such  as  9  +  3  or  36  -^  4,  with  their 
answers,  persons  with  their  characteristics,  places  with  their 
adjuncts,  and  the  like,  make  up  the  long  list  of  situation- 
response  bcMids  where  one  term,  at  least,  is  the  inner  condition 
in  a  man  which  we  call  an  idea  or  judgment  or  the  like. 

Man  learns  also  to  isolate  and  respond  to  elements  which 
for  the  lower  animals  remain  inextricably  imbedded  in  gross 
total  situations.  The  furniture,  conversation  or  behavior  which 
to  a  dog  are  an  undefined  impression  (such  as  the  reader  would 
have  from  looking  at  an  unfamiliar  landscape  upside  down 
or  hearing  a  babel  of  Chinese  speeches,  or  being  submerged 
ten  feet  under  water  for  the  first  time,  or  being  half  awakened 
in  an  unfamiliar  room  by  an  earthquake),  become  to  man 
intelligible  aggregates  of  separate  'things,'  'words,'  or  'acts,' 
further  defined  and  constituted  by  color,  number,  size,  shape, 
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loudness,  and  the  many  elements  which  man  analyzes  out  of 
the  gross  total  situations  of  life  for  individual  response. 

Of  this  analytic  learning  and  also  of  the  longer  or  shorter 
inferential  and  selective  series,  fuller  account  will  be  given 
later.  The  simpler  connection- forming,  without  or  with  ideas 
as  features  of  the  situation  or  the  response,  is  obviously  the 
primary  fact  and  will  be  considered  first. 

THE    LAWS    OF    HABIT 

This  sort  of  learning,  more  or  less  well  named  connection- 
forming,  habit-formation,  associative  memory  and  association, 
is  an  obvious  consequence  of  the  laws  of  readiness,  exercise, 
and  effect  described  in  Chapters  IX  and  XII  of  the  previous 
volume.  By  it  things  are  put  together  and  kept  together  in 
behavior  which  have  gone  together,  often  enough  or  with 
enough  resulting  satisfaction,  and  are  put  apart  and  kept  apart 
which  have  been  separated  long  enough,  or  whose  connection 
has  produced  enough  annoyance.  The  laws  of  connection 
forming  or  association  or  habit  furnish  education  with  two 
obvious  general  rules: — (i)  Put  together  what  should  go  to- 
gether and  keep  apart  what  should  not  go  together.  (2) 
Reward  desirable  connections  and  make  undesirable  connec- 
tions produce  discomfort.  Or,  in  combined  form :  Exercise 
and  reward  desirable  connections;  prevent  or  punish  undesir- 
able connections.  These  psychological  laws  and  educational 
rules  for  the  learning  process  are  among  the  elementary  prin- 
ciples taught  to  beginners.  They  may  seem  so  obvious  as  not 
to  need  statement  even  to  beginners,  much  less  here.  But 
an  examination  of  the  literature  of  educational  theory  and 
practice  and  of  the  text-books,  courses  of  study,  and  class- 
room exercises  of  schools  will  prove  that  they  are  neglected  or 
misunderstood  and  that  a  thoroughgoing  practical  use  of 
them  is  almost  never  made. 

Educational  theorists  neglect  them  when  they  explain  learn- 
ing in  terms  of  general  faculties,  such  as  attention,  interest, 


ASSOCIATIVE    LEARNING    IN    MAN  21 

memory,  or  juclgnient,  instead  of  multitudes  of  connections; 
or  appeal  to  vague  forces  such  as  learning,  development,  adap- 
tation, or  adjustment  instead  of  the  defined  action  of  the  laws 
of  exercise  and  effect ;  or  assume  that  the  mere  presence  of 
ideas  of  good  acts  will  produce  those  acts. 

School  practice  neglects  them  when  it  fancies  that  know- 
ledge of  the  addition  combinations  in  higher  decades  (that  is, 
174-9.  23  +  5,  38  +  4,  etc.)  will  come  by  magic  after 
7  +  9'  3  +  5'  8  +  4,  etc.,  are  once  known :  or  that  the  dif- 
ficulty which  pupils  find  in  learning  'division  by  a  fraction' 
will  be  prevented  or  cured  by  explanation  of  why  one  should 
'invert  and  multiply'  or  'multiply  by  the  reciprocal ;'  or  when  it 
gives  elaborate  drills  in  declining  honus-a-nm,  boni-ae-i,  bono- 
ae-o,  etc.,  or  in  conjugating  amo,  amas,  amat,  amamus,  amatis, 
amant,  amabam,  amabas,  amabat,  etc. ;  or  when  it  uses  additional 
lessons  and  retention  in  school  as  stock  punishments,  or  grants 
favors  to  those  who  make  the  most  trouble  until  they  are 
granted. 

One  form  of  misunderstanding  these  laws  consists  in  sup- 
posing the  necessity  of  additional  factors.  Thus,  in  the  case 
of  connections  where  the  response  is  an  intentional  act,  it 
used  to  be  supposed  that  some  special  consciousness  of  the 
appropriate  innervation  must  be  present;  or  that  some  'con- 
sciousness of  'willing'  itself — of  consent  to  the  occurrence  of 
the  connection — must  be  present;  or,  at  least,  that  a  mental 
conception  made  up  of  images  of  the  sensations  aroused  by 
the  movements  composing  the  act  must  be  present.  It  was 
supposed,  that  is,  that  when  to  the  situation,  His  mother  saying, 
'Take  off  your  hat'  a  boy  responded  by  taking  it  off.  he  felt 
himself  send  such  motor  discharges  to  the  muscles  as  would 
serve  to  produce  that  result,  or  felt — 'All  right,  let  it  be  so, 
let  my  hand  take  off  my  hat ;'  or  at  least  felt  an  anticipatory 
image  of  how  his  arm  and  hand  would  feel  in  taking  it  off, 
or  in  holding  it,  or  of  how  his  head  would  feel  without  it. 
As  practical  consequences  of  these  two  latter  imaginary  inter- 
mediaries in  the  process  of  connecting  the  response  with  the 
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situation,  it  was  supposed  that  the  education  of  the  boy's  'will' 
in  obedience  would  consist  in  teaching  him  either  to  be  con- 
scious of  the  proper  volitional  fiats  in  different  situations  or  to 
be  conscious  of  the  proper  kinesthetic  images  in  different 
situations.  It  was  not  understood  that  the  connections  not 
only  might  be,  but  commonly  are,  from  the  request  to  the 
act  direct. 

Another  form  of  misunderstanding  consists  in  arbitrarily 
simplifying  the  laws  by  omitting  the  law  of  effect.  The  law 
of  habit  is  supposed  to  be  that  "practice  makes  perfect,"  or 
that  the  nervous  system  "grows  to  the  modes  in  which  it  is 
exercised,"  But  practice  without  zeal — with  equal  comfort 
at  success  and  failure — does  not  make  perfect,  and  the  nervous 
system  grows  away  from  the  modes  in  which  it  is  exercised 
with  resulting  discomfort.  When  the  law  of  effect  is  omitted 
— when  habit-formation  is  reduced  to  the  supposed  effect  of 
mere  repetition — two  results  are  almost  certain.  By  the  re- 
sulting theory,  little  in  human  behavior  can  be  explained  by 
the  law  of  habit;  and  by  the  resulting  practice,  unproductive 
or  extremely  wasteful  forms  of  drill  are  encouraged. 

A  third  misunderstanding  concerns  the  influence  of  in- 
terest upon  the  learning  process.  This  is  often  supposed  to 
act  merely  by  favoring  response  to  certain  situations  rather 
than  to  others,  and  to  certain  parts  or  elements  of  a  situation 
rather  than  to  other  parts.  But  interests  act  upon  not  only  the 
situations,  but  also  the  connecting  bonds  themselves.  They 
help  to  decide  whether  any  given  result  shall  satisfy  or  annoy. 
They  decide  not  only  what  sitmtions  one  shall  attend  to,  but 
also  eventually  what  responses  one  shall  make.  An  interest  in 
accuracy  means  not  only  that  accurate  work  will  attract  at- 
tention, but  also  that  one  will  be  comfortable  when  he  works 
accurately  and  discontented  when  he  does  not. 

There  are  other  noteworthy  cases  of  neglect  and  misunder- 
standing; but  probably  the  reader  is  already  convinced  that 
the  laws  of  exercise  and  effect  are  not  such  obvious  platitudes 
as  they  perhaps  at  first  seemed. 
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Obvious  or  not,  they  are  certainly  of  prime  importance. 
Both  theory  and  practice  need  emphatic  and  frequent  re- 
minders that  man's  learning  is  fundamentally  the  action  of 
the  laws  of  readiness,  exercise,  and  effect.  He  is  first  of  all 
an  associative  mechanism  working  to  avoid  what  disturbs  the 
life-processes  of  certain  neurones.  If  we  begin  by  fabricating 
imaginary  powers  and  faculties,  or  if  we  avoid  thought  by 
loose  and  empty  terms,  or  if  we  stay  lost  in  wonder  at  the 
extraordinary  versatility  and  inventiveness  of  the  higher  forms 
of  learning,  we  shall  never  understand  man's  progress  or  con- 
trol his  education. 

THE    OPERATION    OF    THE    LAWS    OF    HABIT    IN    MAN 

The  laws  of  readiness,  exercise,  and  effect,  operating  in 
human  associative  learning,  show  the  same  subsidiary  laws 
— multiple  response,  guidance  by  a  total  attitude  or  set  of  the 
organism,  prepotency  of  elements,  response  to  new  situations 
in  accord  with  already  existing  bonds,  and  the  shifting  of 
bonds  by  progressive  changes  in  a  situation — which  animal 
learning  reveals.  But  under  the  conditions  provided  by  the 
different  original  nature  which  man  learns  with,  and  the  dif- 
ferent environment  that  he  learns  in,  these  laws  work  in 
special  ways  and  produce  special  effects.  Since,  moreover, 
their  general  importance  justifies  treatment  beyond  the  bare 
descriptions  of  them  given  in  the  previous  chapter,  each  of 
them  will  be  reviewed  here. 

Multiple-Response  or  Varied  Reaction. — In  the  course  of 
family  and  community  and  school  life,  and  under  the  influence 
of  self-directed  education,  the  'right'  response  is  often  provided 
from  the  beginning  and  throughout.  Thus,  one  may  not  have 
to  learn  the  way  to  the  breakfast  table  as  one  path  chosen  from 
many  taken,  but  may  be  led  from  the  beginning  in  the  way 
he  shall  go ;  one  may  be  so  predisposed  beforehand  that  9x7 
always  leads  to  63.  There  are  nevertheless  very  many  cases 
where  rtiultiple  response  is  the  first  step  in  learning.     Try  as 
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we  will  to  secure  the  right  response  at  the  start  and  throug-h- 
oiit,  it  cannot  always  be  done.  In  the  pronunciation  of  a 
foreign  language,  in  force  and  coherence  in  English  com- 
position, or  in  skill  at  billiards  or  tennis,  the  right  responses 
cannot  be  guaranteed  beforehand.  Further,  where  circum- 
stances can  with  enough  care  be  so  arranged  that  the  selection 
is  simply  between  the  right  response  and  doing  nothing  at  all, 
the  labor  often  outweighs  the  gain;  so  that  the  learner  is 
wisely  left  to  make  responses  of  varying  degrees  of  merit, 
from  which  the  better  are  selected  by  their  intrinsic  satisfying- 
ness  or  the  social  rewards  that  they  bring.  Further,  we  are 
often  careless,  or  ignorant  of  means  of  predisposing  the  learner 
beforehand  to  the  right  act  or  thought  as  a  sole  response,  so 
that,  for  example,  many  a  pupil  learns  that  %  -^  y^  =  2  only 
by  finding  that  2  rather  than  ^,  3^2  or  32  is  approved  by 
his  teacher. 

Attitudes,  Dispositions,  Pre-adjustments  or  'Sets.' — It  is 
a  general  law  of  behavior  that  the  response  to  any  external 
situation  is  dependent  upon  the  condition  of  the  man,  as 
well  as  upon  the  nature  of  the  situation;  and  that,  if  certain 
conditions  in  the  man  are  rated  as  part  of  the  situation, 
the  response  to  it  depends  upon  the  remaining  conditions  in 
the  man.  Consequently  it  is  a  general  law  of  learning  that 
the  change  made  in  a  man  by  the  action  of  any  agent  depends 
upon  the  condition  of  the  man  when  the  agent  is  acting. 
The  condition  of  the  man  may  be  considered  under  the  two 
heads  of  the  more  permanent  or  fixed  and  the  more  temporary 
or   shifting,   attitudes  or  'sets.' 

The  facts  are  obvious,  though  they  have  been  somewhat 
neglected  by  psychologists  in  the  interest  of  the  supposed 
control  of  behavior  by  too  simple  mechanisms  of  elementary 
association  on  the  one  hand,  and  too  mystical  powers  of 
consciousness  on  the  other.  The  situation  'a  certain  printed 
word'  has  different  effects  upon  learning,  according  as  the 
child  in  question  is  bent  upon  reading  or  upon  spelling;  the 
figures    126    obviously  determine  learning  differently  according 
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as  the  pupil  is  predisposed  to  copy,  to  add,  to  subtract,  or 
to  multiply;  the  same  hand  provokes  one  response  at  cribbage 
and  another  at  whistp^. 

Carefully  observed  evidence  of  the  so  patent  fact  of  the 
determination  of  response  by  the  'set'  of  the  individual  has 
been  reported  in  connection  with  the  experimental  study  of 
the  thought-processes  by  Marbe,  Watt,  Ach,  Messer,  Biihler, 
and  others.  Naturally  enough  such  experimental  study  finds 
that  the  course  of  thought  is  much  more  closely  determined 
by  the  attitude  established  by  the  instructions  given  or  problem 
set,  perhaps  an  hour  previous,  than  by  the  particular  sensations 
and  images  that  form  the  bulk  of  the  consciousness  of  the 
moment.  Anybod}-  may  easily  secure  similar  evidence  for 
himself  by  observing  the  differences  in  the  responses  which 
a  man  makes  to  some  one  situation  after  different  previous 
instructions,  or  in  the  course  of  different  total  tasks. 

Still  more  obvious  are  the  effects  upon  response  of  those 
more  permanent  attitudes  or  sets  of  in  a  man  which  distinguish 
him  as  Englishman  or  Frenchman,  poet  or  painter,  father  of 
a  family  or  celibate,  lover  or  neglecter  of  music,  eager  for 
praise  or  self-sustained,  and  the  like.  The  response  to  any 
situation  is  guided  by  these  enduring  adjustments  of  the  man 
as  well  as  by  the  particular  bonds  which  the  situation  itself 
has  acquired  in  his  life. 

Only  a  little  less  obvious  should  be  the  fact  that  the  attitude 
or  set  of  the  person  decides  not  only  what  he  will  do  and 
think,  but  also  what  he  will  be  satisfied  and  annoyed  by. 
Hunger  not  only  puts  certain  actual  connections  in  operation : 
it  also  makes  certain  conduction  units  more  ready  to  conduct. 
This  conditioning  of  the  action  of  the  law  of  readiness  by  the 
man's  dispositions  appears  throughout  behavior,  though  not 
so  directly  as  its  conditioning  of  gross  external  responses. 
The  child  'set'  on  subtracting  is  less  satisfied  by  thinking 
of  '13'  on  seeing  the  g  than  he  would  have  been  had  he 
been  'adjusted'  to  adding.  The  same  state  of  affairs  may  te 
welcomed  or  rejected,  and  so  have  opposite  effects  on  learning, 
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according  as  one  is  'set'  toward  learning  to  shoot  to  kill  or  to 
shoot  to  maim  only;  or  according  as  one  is  competing  to 
throw  a  ball  to  the  utmost  distance  or  is  competing  to  'throw 
a  player  out  at  the  plate.'  The  player  of  high  ambitions 
at  golf  is  annoyed  by  and  gradually  eliminates  shots  that 
the  more  modestly  adjusted  man  would  cherish.  A  slight 
alteration  of  the  rules  of  a  game  may  dispose  players  to 
feel  wretchedly  at  a  response  which  their  attitude  of  the  year 
before  would  have  made  them  welcome.  The  radical  actor 
who  first  decided  to  play  Shylock  as  a  tragic  rather  than  a 
comic  character,  thereby  predisposed  himself  not  only  to  new 
facial  expressions  and  gestures,  but  also  to  new  satisfactions 
at  tears,  hushed  anxiety  and  awe  in  his  audience.  When,  in 
experiments  in  association  with  words,  the  task  being  to  give 
a  synonym  for  each,  one  thinks  of  a  word's  opposite,  there  is 
often  an  even  impressive  distaste  and  chagrin. 

The  practical  importance  of  attitudes  or  sets  in  both  func- 
tions— of  helping  to  determine  what  a  man  will  think  or  do, 
and  what  he  will  be  satisfied  or  annoyed  by — should  be  obvious 
also.  The  child  or  man  must  be  put  in  condition  to  use  the 
situation,  and  a  large  part  of  the  theory  of  education  considers 
precisely  this  problem  of  getting  him  permanently  disposed 
to  respond  to  the  subject-matter  of  instruction  by  zeal,  open- 
mindedness,  scientific  method  and  the  like,  and  temporarily 
disposed  to  extract  the  most  value  from  the  particular  situ- 
ations of  a  given  lesson.  The  Herbartian  'step'  of  preparation,. 
McMurry's  insistence  on  a  definite  aim  for  the  pupil,  Dewey's 
doctrines  that  pupils  should  feel  appropriate  needs  and  take 
the  problem-solving  attitude,  and  Bagley's  demand  that  ideals 
of  general  method  and  procedure  should  be  present  as  con- 
trolling forces  in  school  drills,  are  notable  illustrations. 

The  Partial  or  Piecemeal  Activity  of  a  Situation. — One 
of  the  commonest  ways  in  which  conditions  within  the  man 
determine  variations  in  his  responses  to  one  same  external 
situation  is  by  letting  one  or  another  element  of  the  situation 
be  prepotent  in  efifect.     Such  partial  or  piecemeal  activity  on  the 


ASSOCIATIVE    LEARNING    IN    MAN  27 

part  of  a  situation  is,  in  human  learning,  the  rule.  Only 
rarely  does  man  form  connections,  as  the  lower  animals  so 
often  do,  with  a  situation  as  a  gross  total — unanalyzed,  un- 
defined, and,  as  it  were,  without  relief.  He  does  so  occasionally, 
as  when  a  baby,  to  show  off  his  little  trick,  requires  the  same 
room,  the  same  persons  present,  the  same  tone  of  voice  and  the 
like.  Save  in  early  infancy  and  amongst  the  feeble-minded. 
however,  any  situation  will  most  probably  act  unevenly.  Some 
of  its  elements  will  produce  only  the  response  of  neglect ; 
others  will  be  bound  to  only  a  mild  awareness  of  them ; 
others  will  connect  with  some  energetic  response  of  thought, 
feeling  or  action,  and  become  positive  determiners  of  the  man's 
future. 

The  elements  which  can  thus  shake  off  the  rest  of  a 
situation  and  push  themselves  to  the  front  may  be  in  man 
far  subtler  and  less  conspicuously  separate  to  sense  than  is 
the  case  in  animals.  Perhaps  a  majority  of  man's  intellectual 
habits  are  bonds  leading  from  objects  which  a  dog  or  cat 
would  never  isolate  from  the  total  fields  of  vision  or  hearing 
in  which  they  appear.  Very  many  of  his  intellectual  habits 
lead  from  words  and  word-series,  from  qualities  of  shape, 
number,  color,  intent,  use  and  the  like,  and  from  relations  of 
space,  time,  likeness,  causation,  subordination  and  the  like — 
elements  and  relations  which  would  move  the  lower  animals 
only  as  the  component  sounds  and  relations  of  a  symphony 
might  move  a  six-year-old  destitute  of  musical  capacity  and 
training. 

Such  prepotent  determination  of  the  response  by  some 
element  or  as^ject  or  feature  of  a  gross  total  situation  is  both 
an  aid  to,  and  a  result  of,  analytic  thinking ;  it  is  a  main  factor 
in  man's  success  with  novel  situations ;  the  progress  of  knowl- 
edge is  far  less  a  matter  of  acquaintance  with  more  and  more 
gross  situations  in  the  world  than  it  is  a  matter  of  insight  into 
the  constitution  and  relations  of  long  familiar  ones. 

Man's  habits  of  response  to  the  subtler  hidden  elements, 
especially  the  relations  which  are  imbedded  or  held  in  solu- 
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tion  in  gross  situations,  lead  to  consequences  so  different 
from  habits  of  response  to  gross  total  situations  or  easily 
abstracted  elements  of  them,  that  the  essential  continuity  from 
the  latter  to  the  former  has  been  neglected  or  even  denied. 
Selective  thinking,  the  management  of  abstractions  and  re- 
sponsiveness to  relations  are  thus  contrasted  too  sharply  with 
memory,  habit,  and  association  by  contiguity.  As  has  been 
suggested,  and  as  I  shall  try  to  prove  later,  the  former  also 
are  matters  of  habit,  due  to  the  laws  of  readiness,  exercise 
and  effect,  acting  under  the  conditions  of  human  capacity  and 
training,  the  bonds  being  in  the  main  with  elements  or  aspects 
of  facts  and   with  symbols  therefor. 

Assimilation  or  Response  by  Analogy. — The  laws  of  in- 
stinct, exercise,  and  effect  account  for  man's  responses  to  new 
as  well  as  to  previously  experienced  situations.  To  any  new 
situation  man  responds  as  he  would  to  some  situation  like 
it,  or  like  some  element  of  it.  In  default  of  any  bonds  with 
it  itself,  bonds  that  he  has  acquired  with  situations  resembling 
it,  act. 

To  one  accustomed  to  the  older  restricted  view  of  habits, 
as  a  set  of  hard  and  fast  bonds  each  between  one  of  a  number 
of  events  happening  to  a  man  and  some  response  peculiar  to 
that  event,  it  may  seem  especially  perverse  to  treat  the  con- 
nections formed  with  new  experiences  under  the  same  principle 
as  is  used  to  explain  those  very  often  repeated,  very  sure, 
and  very  invariable  bonds,  which  alone  he  prefers  to  call  habits. 
The  same  matter-of-fact  point  of  view,  however,  which  finds 
the  laws  of  exercise  and  effect  acting  always,  though  with 
this  or  that  conditioning  set  or  attitude  in  the  man,  and 
with  this  or  that  element  only  of  the  total  external  situation 
influential,  finds  them  acting  also  whether  the  situation  has 
been  experienced  often,  rarely,  or  never. 

If  any  learned  response  is  made  to  the  situation — if  any- 
thing is  done  over  and  above  what  man's  original  nature 
provides — it  is  due  to  the  action  of  use,  disuse,  satisfaction 
and  discomfort.     There  is  no  arbitrary  hocus  pocus  whereby 
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man's  nature  acts  in  an  unpredictable  spasm  when  he  is  con- 
fronted with  a  new  situation.  His  habits  do  not  then  retire 
to  some  convenient  distance  while  some  new  and  mysterious 
entities  direct  his  behavior.  On  the  contrary,  nowhere  are 
the  bonds  acquired  with  old  situations  more  surely  revealed  ; 
in  action  than  when  a  new  situation  appears.  The  child  in 
the  presence  of  a  new  object,  the  savage  with  a  new  implement, 
manufacturers  making  steam  coaches  or  motor  cars,  the  school 
boy  beginning  algebra,  the  foreigner  pronouncing  English — 
in  all  such  cases  old  acquisitions  are,  together  with  original 
tendencies,  the  obvious  determiners  of  response,  exemplifying 
the  law  stated  above. 

Were  the  situation  so  utterly  new  as  to  be  in  no  respect 
like  anything  responded  to  before,  and  also  so  foreign  to  man's 
equipment  as  neither  to  arouse  an  original  tendency  to  re- 
sponse nor  to  be  like  anything  else  that  could  do  so,  response 
by  analogy  would  fail.  For  all  response  would  fail.  Man's 
nature  would  simply  be  forever  blind  and  deaf  to  the  situation 
in  question.  With  such  novel  experiences  as  concern  human 
learning,  however,  man's  responses  follow  the  law  that  a  new 
situation,  ahcdefghij,  is  responded  to  as  ahcdelmnop  (or 
abcdeqrstii,  or  fghiabyd,  or  the  like)  which  has  an  original 
or  learned  response  fitted  to  it.  would  be. 

The  law  of  response  by  analogy  is  left  somewhat  vague 
by  the  vagueness  of  the  word  'like.'  'For  situation  A  to  be 
like  situation  B'  must  be  taken  to  mean,  in  this  case,  'for  A  to 
arouse  in  part  the  same  action  in  the  man's  neurones  as  B 
would.'  This  may  or  may  not  be  such  a  likeness  as  would 
lead  the  man  to  affirm  likeness  in  the  course  of  a  logical  or 
scientific  consideration  of  A  and  B.  For  example,  diamonds 
and  coal-dust  are  much  alike  to  the  scientific  consideration  of 
a  chemist,  but  it  is  unlikely  that  a  person  who  had  never 
seen  a  diamond  w'ould  call  it  coal-dust  as  a  result  of  the 
law  of  analogy.  Science,  as  we  know,  is  often  a  struggle 
to  educate  the  neurones  which  compose  man's  brain  to  act 
similarly  toward   objects  to   which,   by   instinct   and   the  or- 
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dinary  training  of  life,  they  would  respond  quite  differently, 
and  to  act  diversely  to  objects  which  original  nature  and 
everyday  experience  assimilate. 

One  obvious  set  of  habits  remains  to  be  noted,  which 
often  substitute  for  or  alternate  with,  or  combine  with,  re- 
sponse by  analogy.  Children  acquire  early,  and  we  all  to  some 
extent  maintain,  the  habits  of  response  to  certain  novelties 
in  situations  by  staring  in  a  futile  way,  saying  'I  don't  know,' 
feeling  perplexed  and  lost,  and  the  like.  That  is,  man  responds 
to  the  difference  as  well  as  to  the  likeness  in  a  situation.  By 
original  nature  differences  of  certain  sorts  provoke  staring, 
curious  examination,  consternation,  and  the  like ;  by  training 
differences  provoke  'I  don't  know,'  'What's  that?'  and  the  like. 
The  action  of  any  situation,  as  was  noted  in  the  previous 
volume,  is  the  combined  action  of  its  elements.  Whatever  in 
it  has  been  bound  to  certain  responses  acts,  by  the  laws  of 
habit,  to  produce  the  phenomena  of  assimilation  or  response 
by  analogy.  Its  quality  or  feature  of  foreignness,  bafifling- 
ness,  true  novelty,  acts  by  instinct  or  habit  to  produce  wonder, 
confessions  of  inability,  and  such  questionings  as  have  in  the 
past  brought  satisfying  results  in  similar  cases.  We  might 
indeed  say  that  these  apparent  exceptions  to  response  by  an- 
alogy really  illustrate  it,  the  new  novelty  being  treated  as 
was  the  old  novelty  like  it. 

x\ssociative  Shifting. — The  same  fact — that  the  response 
attached  by  instinct  or  habit  to  ahcde  may  be  made  to  ahc,  or  to 
ahcfg — accounts  for  both  assimilation  and  association  shifting. 
Starting  with  response  X  made  to  ahcde,  we  may  successively 
drop  certain  elements  and  add  others,  until  the  response  is  bound 
to  fghij,  to  which  perhaps  it  could  never  otherwise  have 
become  connected.  Theoretically  the  formula  of  progress, 
from  abcde  to  abcdef  to  abcfg  to  abfgh  to  afghi  to  fghij, 
might  result  in  attaching  any  response  whatever  to  any  situ- 
ation whatever,  provided  only  that  we  arrange  affairs  so  that 
at  every  step  the  response  X  was  more  satisfying  in  its  con- 
sequences than  balking  or  doing  anything  else  that  the  person 
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could  do.  And  the  actu;  I  extent  of  associative  shifting  verifies 
this  theoretical  expecta  on.  It  is  indeed  easy  to  shift  desire 
from  intrinsic  desideri,'  i  to  dull  pieces  of  printed  paper,  to 
shift  hatred  from  truly  odious  behavior  to  perfectly  smooth 
and  genial  words  like  Progressive,  Jew,  or  Labor  Union! 

Most  important  of  all  cases  of  this  process  is  the  shifting 
of  satisfyingness  and  annoyingness.  The  physiological  mech- 
anisms by  which  these  potent  determiners  of  behavior  can  win 
attachments  utterly  beyond,  and  even  opposite  to,  those  which 
original  nature  prescribes  are  obscure;  but  the  fact  itself  is 
sure.  Satisfyingness  and  annoyingness  may,  under  the  limit- 
ing condition  noted  above,  be  attached  to  any  situation  what- 
ever. So.  unhappily,  man  may  come  to  be  made  wretched  by 
simple  out-door  sports,  children's  merriment,  spectacles  of 
cheerful  courage,  or  the  daily  panorama  of  sensory  experience. 
So,  to  his  very  great  gain,  man  may  come  to  welcome  pro- 
ductive labor,  excellence  for  its  own  sake,  consistency  and 
verification  in  thought,  or  the  symbols  of  welfare  in  men  wh9se 
faces  he  can  never  see. 


chapter  iv 

Learning  by  Analysis  and  Selection 

analysis  and  selection  in  general 

All  learning  is  analytic.  ( i )  The  bond  formed  never  leads 
from  absolutely  the  entire  situation  or  state  of  affairs  at  the 
moment.  (2)  Within  any  bond  formed  there  are  always 
minor  bonds  from  parts  of  the  situation  to  parts  of  the  re- 
sponse, each  of  which  has  a  certain  degree  of  independence, 
so  that  if  that  part  of  the  situation  occurs  in  a  new  context, 
that  part  of  the  response  has  a  certain  tendency  to  appear 
without  its  old  accompaniments.  The  convenient  custom  of 
symbolizing  a  bond  as  Sj  -^  Ri,  or  So  -^  R2  always  requires 
interpretation  as  (Sj  +  S^^H-  S^^  -f  S^^  .  .  .  S  ^  J  ->-  (Rj^  -\- 
R,^+R,     .  .  ,  R,  ).     Of  the  elements  of  a  situation  some 

lb  Ic  In  ^ 

are  analyzed  out  to  affect  the  animal,  while  others  are  left;  of 
those  so  abstracted  for  efficacy  on  learning  and  future  behavior, 
one  will  be  picked  out  by  one  neurone  group,  another  by 
another;  although  these  neurone-groups  co-act  in  making  con- 
nection with  the  further  response  to  the  situation,  they  do 
not  co-act  indissolubly  as  an  absolute  unit,  but  form  prefer- 
ential bonds. 

The  bond  formed  never  leads  from  absolutely  the  entire 
state  of  affairs  outside  the  animal,  because  the  original  sensi- 
tivities and  attentivenesses  always  neglect  certain  elements 
of  it,  and  because  acquired  interests  emphasize  the  welcome  to 
these  or  others.  This  abstraction  by  taking  or  leaving,  and 
by  giving  and  denying  special  potency  over  further  responses, 
will  be  described  in  more  detail  under  Learning  by  Selection. 

Each  total  situation-response  bond  is  composed  of  minor 
bonds   from  parts  of  the  situation  to  parts  of  the  response, 

32 


LEARNING    BY   ANALYSIS    AND   SELECTION  33 

because  man's  equipment  of  sensory  neurones  is  such  a  set  of 
analytical  organs  as  it  is,  and  because  his  connecting  neurones 
are  such  a  mechanism  as  they  are  for  converging  and  distri- 
buting the  currents  of  conduction  set  up  in  these  sensory 
neurones.  The  action  set  up  in  sensory  neurones  by  the  sight 
of  a  smiling  mother  (call  it  S^^)  plus  whatever  accessories  the 


xon  =  bet 
n=A  =  ain 


xon 


i-ag  n=A 

Fig.  4. 

xon 

Fig.  5. 

total  situation  contains  (call  these  S^^^.  Sj^,  etc.)  is  as  a  whole 
bound  to  the  baby's  response,  say,  of  saying  mamma  in  a 
certain  happy  way;  but  the  bond  from  Sj^  to  the  'in  a  certain 
happy  way'  part  of  the  response  is  somewhat  independent  of 
other  elements  of  the  total  bond.  The  degree  of  independence 
varies  enormously.  At  one  extreme  is  such  great  interde- 
pendence, or  intimate  co-action,  or  'fusion,'  in  a  total  bond  that 
the  element  in  a  new  context  retains  almost  nothing  (nothing 
apparent  to  external  observation)  of  the  connecting  tendency 
it  had  acquired  in  the  old  context.  Thus  let  the  reader  mem- 
orize the  three-pair  vocabulary  of  Fig.  4  so  that  upon  seeing 
anyone  of  the  diagrams  in  a  changed  order,  as  in  Fig.  5,  he 
can  give  the  associated  word.  Let  him  do  this  as  quickly  as 
possible.  Let  him  then  look  at  Fig.  6.  It  is  not  probable  that 
he  will  connect  the  letters  't  r  a  n  d  i  g'  with  it,  though  the 
elements  of  which  it  is  composed  were,  in  order  of  reading, 
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connected,  in  learning  the  other  ten  pairs,  with  t,  r,  a,  n,  d,  i,  g, 
respectively.  At  the  other  extreme  is  an  independence  or 
separateness  of  component  bonds  within  the  total  bond  such 
that  the  element  in  a  new  context  evokes  almost  exactly  its 
old  associates.  Thus  let  a  man  be  taught  to  shut  his  eyes  and 
open  his  right  hand  as  a  total  response  to  the  situation — the 
Held  of  vision  changing  from  white  to  red,  and  simidtaneously 
his  right  hand  receiving  a  sharp  prick.  Let  him  also  be  taught 
to  keep  his  eyes  open  and  to  close  his  right  hand  as  a  total 

Fig.  6. 

response  to  the  situation — the  field  of  view  changing  from  white 
to  blue  and  his  right  hand  receiving  a  cold  moist  hath.  These 
total  bonds  having  been  made,  it  is  very  likely  that  if  his 
right  hand  received  the  same  prick  while  the  field  of  view 
changed  from  white  to  blue,  he  would  open  his  right  hand 
without  shutting  his  eyes. 

Consider  now  any  part  of  a  situation  with  which,  as  a 
whole,  there  is,  by  original  nature  or  by  the  action  of  use, 
disuse,  satisfaction  and  discomfort,  some  bond.  When  such  a 
part  happens  alone*  or  in  a  new  context,  it  does,  as  was  stated 
under  the  laws  of  partial  activity  and  response  by  analogy, 
what  it  can.  It  tends  to  provoke  the  total  response  that  was 
bound  to  it ;  it  tends  especially  to  provoke  the  minor  feature 
of  that  total  response  which  was  especially  bound  to  it.  If 
this  special  preferential  bond  is  strong,  it  may  become  the 
dominant  feature  of  the  response  to  a  situation  composed  of 
the  old  element  plus  a  new  context. 

In  the  lower  animals,  and  in  very  young  children,  the  situ- 
ations act  more  as  gross  totals ;  and  the  combination  of  con- 
nections which  we  call  'the'  bond  between  the  situation  and 

*  It  really  never  happens  alone,  being  always  a  part  of  some  total  state 
of  affairs.  The  'alone'  means  simply  that  it  is  a  ver>'  distinct  and  pre- 
dominant element  of  the  total  situation. 
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Its  response  acts  more  as  a  unit.  So,  to  get  a  dog  to  perform 
a  trick,  say  of  jumping  up  on  a  box  and  begging,  at  the  appro- 
priate verbal  command,  it  may  be  necessary  to  have  not  only  the 
words,  but  also  the  voice,  intonation,  sight  and  smell  of  the 
one  person ;  and  if  he  jumps  up  on  the  box  he  may  inevitably 
beg.  But  even  in  the  lower  animals  cases  of  decided  pref- 
erential bonds  of  elements  in  situations  with  parts  of  the 
responses  thereto  may  be  found  in  abundance.  In  all  save 
stupid  men,  the  training  given  by  modern  life  results  in  the 
formation  of  an  enormous  number  of  bonds  with  separate 
elements  of  situations,  some  of  them  very,  very  subtle  ele- 
ments. This  training  results  also  in  the  power,  given  the 
appropriate  mental  set,  of  responding  alike  to  an  element  in 
almost  complete  disregard  of  the  contexts  of  the  gross  total 
situations  in  which  it  appears.  Indeed,  the  intellectual  life 
of  man  seems  to  consist  as  much  in  discriminating,  abstracting, 
taking  apart,  as  in  associating  or  connecting.  His  procedure 
in  learning  geometry,  grammar,  physics  or  law  seems  in 
large  measure  almost  the  opposite  of  his  procedure  in  habit- 
formation  and  memory.  For  a  first  step  in  the  description 
of  learning,  such  learning  by  analysis  does  need  to  be  dis- 
tinguished from  the  mere  associative  learning,  though,  as  will 
be  seen  later,  the  same  fundamental  mechanism  accounts  for 
both. 

All  man's  learning,  and  indeed  all  his  behavior,  is  selec- 
tive. Man  does  not.  in  any  useful  sense  of  the  words,  ever 
absorb,  or  re-present,  or  mirror,  or  copy,  a  situation  uniformly. 
He  never  acts  like  a  tabula  rasa  on  which  external  situations 
write  each  its  entire  contribution,  or  a  sensitive  plate  which 
duplicates  indiscriminately  whatever  it  is  exposed  to,  or  a 
galvanometer  which  is  deflected  equally  by  each  and  every 
item  of  electrical  force.  Even  when  he  seems  most  subservient 
to  the  external  situation — most  compelled  to  take  all  that 
it  offers  and  do  all  that  it  suggests — it  appears  that  his  sense 
organs  have  shut  off  important  features  of  the  situation  from 
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influencing  him  in  any  way  comparable  to  that  open  to  cer- 
tain others,  and  that  his  original  or  acquired  tendencies  to 
neglect  and  attend  have  allotted  only  trivial  power  to  some, 
and  greatly  magnified  that  of  others. 

All  behavior  is  selective,  but  certain  features  of  it  are 
so  emphatically  so  that  it  has  been  customary  to  contrast 
them  sharply  with  the  associative  behavior  which  the  last 
chapter  described.  A  notable  case  is  the  acceptance  of  some 
one  very  subtle  element  of  an  outside  event  or  an  inner  train 
of  thought  to  determine  further  thought  and  action.  In  habit- 
formation,  memory,  and  association  by  contiguity,  the  psy- 
chologist has  declared,  the  situation  determines  the  responses 
with  little  interference  from  the  man,  the  bond  leads  from 
some  one  concrete  thing  or  event  as  it  is,  and  the  laws  of  habit 
explain  the  process.  In  the  deliberate  choice  of  one  or 
another  feature  of  the  present  thought  to  determine  thought's 
future  course,  on  the  other  hand,  the  man  directs  the  energy 
of  the  situation,  the  response  which  the  situation  itself  would 
be  expected  to  provoke  does  not  come,  and  new  faculties 
or  powers  of  inference  or  reasoning  have  to  be  invoked. 

Such  a  contrast  is  almost  necessary  for  a  first  rough 
description  of  learning,  and  the  distinction  of  such  highly 
selective  thinking  from  the  concrete  association  of  totals  is 
useful  throughout.  We  shall  see,  however,  that  learning  by 
inference  is  not  opposed  to,  or  independent  of,  the  laws  of 
habit,  but  really  is  their  necessary  result  under  the  conditions 
imposed  by  man's  nature  and  training.  A  closer  examination 
of  selective  thinking  will  show  that  no  principles  beyond 
the  laws  of  readiness,  exercise,  and  effect  are  needed  to  explain 
it;  that  it  is  only  an  extreme  case  of  what  goes  on  in  asso- 
ciative learning  as  described  under  the  'piecemeal'  activity 
of  situations ;  and  that  attributing  certain  features  of  learning 
to  mysterious  faculties  of  abstraction  or  reasoning  gives  no 
real  help  toward  understanding  or  controlling  them. 

It  is  true  that  man's  behavior  in  meeting  novel  problems 
goes  beyond,  or  even  against,  the  habits  represented  by  bonds 
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leading  from  gross  total  situations  and  customarily  abstracted 
elements  thereof.  One  of  the  two  reasons  therefor,  however, 
is  simply  that  the  finer,  subtle,  preferential  bonds  with  subtler 
and  less  often  abstracted  elements  go  beyond,  and  at  times 
against,  the  grosser  and  more  usual  ones.  One  set  is  as  much 
due  to  exercise  and  efifect  as  the  other.  The  other  reason 
is  that  in  meeting  novel  problems  the  mental  set  or  attitude 
is  likely  to  be  one  which  rejects  one  after  another  response 
as  their  unfitness  to  satisfy  a  certain  desideratum  appears. 
What  remains  as  the  apparent  course  of  thought  includes 
only  a  few  of  the  many  bonds  which  did  operate,  but  which, 
for  the  most  part,  were  unsatisfying  to  the  ruling  attitude  or 
adjustment. 

THE    SUBTLER    FORMS    OF    ANALYSIS 

Stock  cases  of  learning  by  the  separation  of  a  subtle  ele- 
ment from  the  total  situations  in  which  it  inheres  and  the 
acquisition  of  some  constant  element  of  response  to  it,  regard- 
less of  its  context,  are :  learning  so  to  handle  the  number  aspect 
of  a  collection,  the  shape  of  an  object,  the  'place-value'  of 
a  figure  in  integral  numbers,  the  'negativeness'  of  negative 
numbers,  the  pitch  of  sounds,  or  the  'amount  of  heat'  in  an 
object.  The  process  involved  is  most  easily  understood  by 
considering  the  significance  of  the  means  employed  to 
facilitate  it. 

The  first  of  these  is  having  the  learner  respond  to  the 
total  situations  containing  the  element  in  question  with  the 
attitude  of  piecemeal  examination,  and  with  attentiveness  to 
one  element  after  another,  especially  to  so  near  an  approxi- 
mation to  the  element  in  question  as  he  can  already  select 
for  attentive  examination.  This  attentiveness  to  one  element 
after  another  serves  to  emphasize  whatever  appropriate  minor 
bonds  from  the  element  in  question  the  learner  already  pos- 
sesses. Thus,  in  teaching  children  to  respond  to  the  'fiveness' 
of   various   collections,    we   show   five   boys   or   five   girls   or 
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five  pencils,  and  say,  "See  how  many  boys  are  standing  up. 
Is  Jack  the  only  boy  that  is  standing  here?  Are  there  more 
than  two  boys  standing?  Name  the  boys  while  I  point  at 
them  and  count  them.  (Jack)  is  one,  and  (Fred)  is  one  more, 
and  (Henry)  is  one  more.  Jack  and  Fred  make  (two) 
boys.  Jack  and  Fred  and  Henry  make  (three)  boys."  (And 
so  on  with  the  attentive  counting.)  The  mental  set  or  attitude 
is  directed  toward  favoring  the  partial  and  predominant  ac- 
tivity of  *how-many-ness'  as  far  as  may  be;  and  the  useful 
bonds  that  the  'fiveness,'  the  'one  and  one  and  one  and  one 
and  one-ness'  already  have,  are  emphasized  as  far  as  may  be. 

The  second  of  the  means  used  to  facilitate  analysis  is 
having  the  learner  respond  to  many  situations  each  con- 
taining the  element  in  question  (call  it  A),  but  with  varying 
concomitants  (call  these  V.C. )  his  response  being  so  directed 
as,  so  far  as  may  be,  to  separate  each  total  response  into  an 
element  bound  to  the  A  and  an  element  bound  to  the  V.C* 

Thus  the  child  is  led  to  associate  the  responses — 'Five 
boys,'  'Five  girls,'  'Five  pencils,'  'Five  inches,'  'Five  feet,' 
'Five  books,'  'He  walked  five  steps,'  'I  hit  my  desk  five  times,' 
and  the  like — each  with  its  appropriate  situation.  The  'Five' 
element  of  the  response  is  thus  bound  over  and  over  again 
to    the    'fiveness'    element    of    the    situation,    the    mental    set 

♦James  lists  two  conditions  of  the  possibility  of  analyzing  out  an  ele- 
ment in  a  situation  for  separate  response  to  it.  "If  any  single  quality  or 
constituent,  a,  have  previously  been  knoivn  by  us  isolately,  or  have  in  any 
other  manner  already  become  an  object  of  separate  acquaintance"  on  our 
part  .  .  .  then  that  constituent  a  may  be  analyzed  out  from  the  total  im- 
pressions: ['93,  Vol.  I,  p.  503]  "What  is  associated  nozu  ivith  one  thing 
and  now  with  another  tends  to  become  disassociated  from  either."  [ibid., 
p.  506]  The  former  case  is,  strictly,  only  one  extreme  limit  of  the  latter, 
however.  For  110  element  really  ever  appears  in  complete  isolation.  Each 
is  always  a  constituent  of  some  total  state  of  affairs  The  thunder  clap, 
the  light  moving  over  a  black  background,  and  the  like,  which  represent 
the  nearest  approaches  to  isolated  appearance,  are  really  parts  of  larger 
total  situations  and  do  have  to  be  'dissociated'  by  their  varying  concomi- 
tants. The  difference  is  that  the  'dissociation'  or  'abstraction'  occurs  in 
such  cases  very,  very  easily.  So  it  seems  best  to  merge  James'  first  in 
his  second  condition. 
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being  'How  many?,'  but  is  bound  only  once  to  any  one  of  the 
concomitants.  These  concomitants  are  also  such  as  have 
preferred  minor  bonds  of  their  own  (the  sight  of  a  row  of 
boys  per  se  tends  strongly  to  call  up  the  'Boys'  element  of 
the  response).  The  other  elements  of  the  responses  (boys, 
girls,  pencils,  etc.)  have  each  only  a  slight  connection  with 
the  'fiveness'  element  of  the  situations.  These  slight  connec- 
tions also  in  large  part*  counteract  each  other,  leaving  the 
field  clear  for  whatever  uninhibited  bond  the  'fiveness'  has. 

The  third  means  used  to  facilitate  analysis  is  having  the 
learner  respond  to  situations  which,  pair  by  pair,  present  the 
element  in  a  certain  context  and  present  that  same  context 
with  the  opposite  of  the  element  in  question,  or  with  something 
at  least  very  unlike  the  element.  Thus,  a  child  who  is  being 
taught  to  respond  to  'one  fifth'  is  not  only  led  to  respond  to 
'one  fifth  of  a  cake,'  'one  fifth  of  a  pie,'  'one  fifth  of  an  apple,' 
'one  fifth  of  ten  inches,'  'one  fifth  of  an  army  of  twenty 
soldiers,'  and  the  like ;  he  is  also  led  to  respond  to  each  of  these 
in  contrast  with  'five  cakes,'  'five  pies,'  'five  apples,'  'five  times 
ten  inches,'  'five  armies  of  twenty  soldiers.'  Similarly  the  'place 
values'  of  tenths,  hundredths,  and  the  rest  are  taught  by 
contrast   with   the   tens,   hundreds,    and  thousands. 

These  means  utilize  the  laws  of  connection-forming  to 
disengage  a  response-element  from  gross  total  responses  and 
attach  it  to  some  situation-element.  The  forces  of  use,  disuse, 
satisfaction  and  discomfort  are  so  manoeuvred  that  an  ele- 
ment which  never  exists  by  itself  in  nature  can  influence 
man  almost  as  if  it  did  so  exist,  bonds  being  formed  with  it 
that  act  almost  or  quite  irrespective  of  the  gross  total  situation 
in  which  it  inheres.  What  happens  can  be  most  conveniently 
put  in  a  general  statement  by  using  symbols. 

Denote  by  a  b,  a  g,  a  1,  a  q.  a  v.  and  a  p  certain  situations 
alike  in  the  element  a  and  different  in  all  else.  Suppose  that, 
by    original    nature   or   training,    a    child    responds   to    these 

*  They  may,  of  course,  also  result  in  a  fusion  or  an  alternation  of  the 
responses,  but  only  rarely. 
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situations  respectively  by  fi  ra,  n  r-,,  Ti  ri2,  Ti  Tn,  Ti  r22,  Ti  Tar- 
Suppose  that  man's  neurones  are  capable  of  such  action  that 
fi,  Fz,  Tt,  Vi2,  Tit,  Tas  and  Tar,  Can  each  be  made  singly. 

If  now  the  situations,  a  b,  a  g,  a  1,  etc.,  are  responded  to 
(each  once) ,  the  result  by  the  law  of  exercise  will  be  to  strengthen 
bonds  as  shown  in  Scheme  A,  the  situation-elements  noted 
in  the  top  line  of  the  table  being  bound  to  each  of  the 
response-elements  noted  at  the  left  side  of  the  table  as  noted 
by  the  numbers  entered  in  the  body  of  the  table. 


SCHEM 
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1 
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V 

/5 

fl 
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I 

I 

I 
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I 
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r. 

I 

Ty 

I 

ri2 

ri7 

I 

I 

r22 

I 

fz; 

I 

The  bond  from  a  to  ri,  has  had  six  times  as  much  exercise 
as  the  bond  from  a  to  r^,  or  from  a  to  Vr,  etc.  In  any  new 
gross  situation,  2l  6,  a.  will  be  more  predominant  in  deter- 
mining response  than  it  would  otherwise  have  been ;  and  Ti 
will  be  more  likely  to  be  made  than  r^.  v^,  rjo,  etc.,  the  other 
previous  associates  in  the  response  to  a  situation  containing  a. 

Suppose  further  that  g  is  opposite  to,  or  notably  unlike, 
b;  that  q  is  opposite  to  or  notably  unlike  1;  and  that  ^  is 
notably  unlike  v.  Let  'opposite  to'  and  'unlike'  have  the 
meaning  that  the  response  elements  r-,  and  Vi,  Vio  and  \\-r. 
Too  and  Tot  are,  in  the  case  of  each  pair,  in  no  respect  identical, 
and  in  large  measure  incapable  of  being  made  by  the  same 
organism  at  the  same  time.  Express  this  fact  by  replacing 
^7  by  rnot2.r,7  by  r^^i,^,  and  To,  by  r not 22.    Then,  if    the    situ- 
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ations,  a  b,  a  g,  a  I,  a  q,  etc.,  are  responded  to  each  once, 
the  result  by  the  law  of  exercise  will  be  to  strengthen  bonds 
as  shown  in  Scheme  B  below,  whose  plan  is  the  same  as  that 
of  Scheme  A. 

Scheme  B 
a        b    g(opp.  ofb)   1    q(opp.ofl)   v    /3(opp.  ofv) 


U 

''not  2 
Tie 
'not  12 

*  Tint  9  9 


The  bond  from  a  to  fi  has  again  had  six  times  as  much 
exercise  as  the  bond  from  a  to  ro.  or  from  a  to  Tt,  etc.  The 
bonds  from  a  to  ro  and  to  rnots  tend  to  counterbalance  each 
other  in  the  sense  that  the  tendency  is  for  neither  r^  nor  Vj^^i^ 
to  occur,*  the  field  being  left  free  for  whatever  unimpeded 
tendency  the  element  a  possesses.  Similarly  for  the  effect 
of  the  a-ri2  and  a-rnotij  bonds. 

Denote  by  'opp.  of  a'  an  element  which  is  the  opposite  of, 
or  at  least  very  unlike,  a.  Let  'opposite  to'  and  'unlike'  have 
as  before  the  meaning  that  the  original  or  acquired  responses 
to  'opp.  of  a'  have  few  or  no  elements  in  common  with  the 
responses  to  a,  and  in  large  measure  cannot  be  made  by  the 

*  They  can  not  occur  together.  They  may  occasionally  appear  in  alter- 
nation ;  or  the  one  of  them  which  by  casual  physiological  happenings  has 
an  advantage  may  appear.  But  the  effect  of  the  exercise  of  the  bonds 
leading  from  the  situations,  a  b,  a  g,  etc.,  is  to  make  a  call  up  neither  ro 
nor  TT,  neither  ri2  nor  rn,  since  another  unimpeded  bond  and  response 
is  at  hand. 
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same  organism  at  the  same  time  as  the  response  to  a.  Then, 
if  the  situations,  a  b,  (opp.  of  a)  b,  a  g,  (opp.  of  a)  g,  a  1, 
(opp.  of  a)  1,  etc.,  are  responded  to  each  once,  the  result 
by  the  law  of  exercise  will  be  to  strengthen  bonds  as  shown 
in  Scheme  C. 

Scheme  C  ». 

a        (opp.  of  a)   b  g(opp.  of  b)  1  q(opp.  of  1)   v  y3(opp.  of  r) 
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The  element  a  is  thus  made  to  connect  six  times  with  ri 
and  once  with  each  element  of  the  counteracting  pairs,  r^  and 
rnot2,  ri2  and  rnoti2,  T22  and  rnot22.  The  element  opp.  of  a 
is  made  to  connect  with  rnoti  six  times,  and  with  r,,  rnoti' 
etc.  each  once,  b,  g,  1,  q,  v  and  ^  are  made  to  connect  with 
the  counteracting  rj  and  rnoti.  each  equally  often.  Thus,  by 
the  law  of  exercise,  ri  is  being  connected  with  a;  the  bonds 
from  a  to  anything  else  are  being  counteracted ;  and  the  slight 
connections  from  b,  g,  1,  etc.  to  ri  are  being  counteracted. 
The  element  a  becomes  predominant  in  situations  containing 
it;  and  its  bond  toward  rj  becomes  relatively  enormously 
strengthened  and  freed  from  competition. 

These  three  processes  occur  in  a  similar,  but  more  compli- 
cated, form  if  the  situations  a  b,  a  g,  etc.  are  replaced  by 
abcdef.  aghijk.  etc..  and  the  responses  rj  r,,  ri  Ft, 
Ti  T12,  etc.,  are  replaced  by  ri  To  Vs  r*  r^  r^,  Vi  Tj  rg  Tq  rio  r^, 
etc. — provided  the  Ti,  t^,  T3,  t^,  etc.  can  be  made  singly.    In  so 
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far  as  any  one  of  the  responses  is  necessarily  co-active  with 
any  one  of  the  others  (so  that,  for  example,  ri3  always  brings 
Tje  with  it  and  vice  versa),  the  exact  relations  of  the  numbers 
recorded  in  schemes  like  Schemes  A,  B  and  C  on  pages  40 
and  41  will  change;  but,  unless  ri  has  such  an  inevitable 
co-actor,  the  general  results  of  schemes  A,  B  and  C  will  hold 
good.  If  Ti  does  have  such  an  inseparable  co-actor,  say  fj, 
then,  of  course,  a  can  never  acquire  bonds  with  ri  alone, 
but  everywhere  that  ri  or  r2  appears  in  the  preceding  schemes 
the  other  element  must  appear  also,  ri  ro  would  then  have 
to  be  used  as  a  unit  in  analysis. 

The  *a  b,'  *a  g,'  'a  1,'  .  .  .  *a  ft'  situations  may  occur  unequal 
numbers  of  times,  altering  the  exact  numerical  relations  of 
the  connections  formed  and  presented  in  schemes  A,  B  and  C, 
but  the  process  in  general  remains  the  same. 

So  much  for  the  effect  of  use  and  disuse  in  attaching 
appropriate  response  elements  to  certain  subtle  elements  of 
situations.  There  are  three  main  series  of  effects  of  satis- 
faction and  discomfort.  They  serve,  first,  to  emphasize,  from 
the  start,  the  desired  bonds  leading  to  the  responses  ri  rz,  ri  r-;, 
etc.  to  the  total  situations,  and  to  weed  out  the  undesirable 
ones.  They  also  act  to  emphasize,  in  such  comparisons  and 
contrasts  as  have  been  described,  every  action  of  the  bond 
from  'a'  to  ri ;  and  to  eliminate  every  tendency  of  'a'  to  connect 
with  aught  save  ri,  and  of  aught  save  'a'  to  connect  with  t^* 
Their  third  service  is  to  strengthen  the  bonds  productive  of 
appropriate  responses  to  'a'  wherever  it  occurs,  whether  or  not 
any  formal  comparisons  and  contrasts  take  place. 

*  Of  course  a  compound  bond,  say  with  a  x  y  z  ,  wherein  'a' 
clearly  leads  to  ri,  and  x  y  z,  its  concomitants,  clearly  lead  to  rei  r62 
re:!,  may  also  be  confirmed  by  satisfaction.  Suppose,  for  instance,  that  'a'  =^ 
'sevenness,'  'x'  =  'pencils,'  'y'  =  'on  the  teacher's  desk,'  and  'z'  =  'the  gen- 
eral background  of  illumination,  temperature,  presence  of  other  childrc  n  and 
the  like,'  and  that  the  response  is  'seven  pencils  on  the  desk  now,'  ihen 
satisfyingness  would  strengthen  the  separate  bond  between  'a*  and  ri  by 
strengthening  the  total  bond  of  which  it  is  a  loose  and  largely  independent 
part. 
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The  process  of  learning-  to  respond  to  the  difference  of 
pitch  of  tones  from  whatever  instrument,  to  the  'square-root- 
ness'  of  whatever  number,  to  triangularity  in  whatever  size 
or  combination  of  lines,  to  equality  of  whatever  pairs,  or  to 
honesty  in  whatever  person  and  instance,  is  thus  a  consequence 
of  associative  learning,  requiring  no  other  forces  than  those 
of  use,  disuse,  satisfaction,  and  discomfort.  "What  happens 
in  such  cases  is  that  the  response,  by  being  connected  with 
many  situations  alike  in  the  presence  of  the  element  in  question 
and  different  in  other  respects,  is  bound  firmly  to  that  ele- 
ment and  loosely  to  each  of  its  concomitants.  Conversely 
any  element  is  bound  firmly  to  any  one  response  that  is 
made  to  all  situations  containing  it  and  very,  very  loosely  to 
each  of  those  responses  that  are  made  to  only  a  few  of  the 
situations  containing  it.  The  element  of  triangularity,  for 
example,  is  bound  firmly  to  the  response  of  saying  or  think- 
ing 'triangle'  but  only  very  loosely  to  the  response  of  saying 
or  thinking  white,  red.  blue,  large,  small,  iron,  steel,  wood, 
paper  and  the  like.  A  situation  thus  acquires  bonds  not  only 
with  some  response  to  it  as  a  gross  total,  but  also  with  responses 
to  each  of  its  elements  that  has  appeared  in  any  other  gross 
totals.  Appropriate  response  to  an  element  regardless  of  its 
concomitants  is  a  necessary  consequence  of  the  laws  of  exer- 
cise and  effect  if  an  animal  learns  to  make  that  response 
to  the  gross  total  situations  that  contain  the  element  and  not 
to  make  it  to  those  that  do  not.  Such  prepotent  determination 
of  the  response  by  one  or  another  element  of  the  situation 
is  no  transcendental  mystery,  but,  given  the  circumstances, 
a  general  rule  of  all  learning."*  Such  are  at  bottom  only 
extreme  cases  of  the  same  learning  as  a  cat  exhibits  that 
depresses  a  platform  in  a  certain  box  whether  it  faces  north 
or  south,  whether  the  temperature  is  50  or  80  degrees,  whether 
one  or  two  persons  are  in  sight,  whether  she  is  exceedingly 
or  moderately  hungry,   whether  fish   or  milk   is  outside  the 

*The  quotation  is   from  the  author   ['11    (b),  p.  264]. 
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box.  All  learning"  is  analytic,  representing  the  activity  of 
elements  within  a  total  situation.  In  man,  by  virtue  of  certain 
instincts  and  the  course  of  his  training,  very  subtle  elements 
of  situations  can  so  operate. 

Learning  by  analysis  does  not  often  proceed  in  the  carefully 
organized  way  represented  by  the  most  ingenious  marshalling 
of  comparing  and  contrasting  activities.  The  associations 
with  gross  totals,  whereby  in  the  end  an  element  is  elevated 
to  independent  power  to  determine  response,  may  come  in  a 
haphazard  order  over  a  long  interval  of  time.  Thus  a  gifted 
three-year-old  boy  will  have  the  response  element  of  'saying 
or  thinking  two'  bound  to  the  *two-ness'  element  of  very 
many  situations  in  connection  with  the  *how-many'  mental  set ; 
and  he  will  have  made  this  analysis  without  any  formal, 
systematic  training.  An  imperfect  and  inadequate  analysis 
already  made  is  indeed  usually  the  starting  point  for  what- 
ever systematic  abstraction  the  schools  direct.  Thus,  the 
kindergarten  exercises  in  analyzing  out  number,  color,  size 
and  shape  commonly  assume  that  'one-ness'  versus  *more-than- 
one-ness,'  black  and  white,  big  and  little,  round  and  not  round 
are,  at  least  vaguely,  active  as  elements  responded  to  in 
some  independence  of  their  contexts.  Moreover,  the  tests  of 
actual  trial  and  success  in  further  undirected  exercises  usually 
cooperate  to  confirm  and  extend  and  refine  what  the  syste- 
matic drills  have  given.  Thus  the  ordinary  child  in  school 
is  left,  by  the  drills  on  decimal  notation  with  only  imperfect 
power  of  response  to  the  'place- values.'  He  continues  to  learn 
to  respond  properly  to  them  by  finding  that  4X40=160, 
4  X  400  =  1600,  800  —  80  =  720,  800  —  8  =  792,  800  —  800 
=  o,  42  X  48  =  21 16,  24  X  48  =  1 152,  and  the  like,  are  satis- 
fying; while  4  X  40  =  16,  24  X  48  =  832.  800  —  8  =  0,  and 
the  like,  are  not.  The  process  of  analysis  is  the  same  in  such 
casual,  unsystematized  formation  of  connections  with  elements 
as  in  the  deliberately  managed,  piecemeal  inspection,  com- 
parison and  contrast  described  above. 

Occasionally  an  element  seems  to  pop  up  in  a  gross  total 
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situation  and  drag  its  response  element  out  into  clear  relief, 
with  little  or  no  aid  from  any  such  extricating  associations 
as  have  been  described.  Sc  Ruger  found  in  solving  mechanical 
puzzles  that  sometimes  a  feature  of  the  total  situation,  hitherto 
dissolved  therein,  would  apparently  suddenly  crystallize  out 
and  lead  to  signal  success.  The  usual  fact  in  such  cases  is 
that  the  element  already  has  its  preferential  minor  bond  in 
full  working  strength,  but  that  this  bond  is  kept  inactive 
because  conditions  within  the  man  keep  him  from  the  parti- 
cular set  of  attention  or  questioning  or  preliminary  action 
by  which  the  element  can  get  enough  prepotency  to  cause 
its   response. 

There  is  also  the  possibility  that  the  so  called  'accidental' 
activities  (that  is,  activities  of  unknown  causation)  of  man's 
neurones  may  throw  certain  elements  into  relief  and  bind 
certain  responses  to  them  in  ways  unpredictable  from  even 
a  complete  schedule  of  the  man's  previously  formed  bonds. 
Such  unearned  useful  bonds  with  elements  are  probably  rare, 
and  in  any  case  cannot  be  profitably  discussed,  the  hypothesis 
being  that  we  do  not  know  how  they  are  caused. 

THE    HIGHER    FORMS    OF    SELECTION 

In  human  thought  and  action  a  situation  often  provokes 
responses  which  have  not  been  bound  to  it  by  original  ten- 
dencies, use  or  satisfaction.  Such  behavior,  apparently  in 
advance  of,  or  even  in  opposition  to,  instinct  and  habit,  appears 
in  adaptive  responses  to  novel  data,  in  association  by  similarity, 
and  in  the  determination  of  behavior  by  its  aim  rather  than 
its  antecedents  which  is  commonly  held  to  distinguish  pur- 
posive thinking  and  action  from  'mere  association  and  habit.' 

Successful  responses  to  novel  data,  association  by  similarity 
and  purposive  behavior  are,  however,  in  only  apparent  oppo- 
sition to  the  fundamental  laws  of  associative  learning.  Really 
they  are  beautiful  examples  of  it. 

Man's   successful  responses  to  novel  data  —  as  when   he 
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argues  that  the  diagonal  on  a  right  triangle  of  796.278  mm. 
base  and  137.294  mm.  altitude  will  be  808.022  mm.,  or  that 
Mary  Jones,  born  this  morning,  will  sometime  die — are  due 
to  habits,  notably  the  habits  of  response  to  certain  elements 
or  features,  under  the  laws  of  piecemeal  activity  and  assimi- 
lation. 

Nothing,  as  was  hinted  in  Chapter  III,  looks  less  like  the 
mysterious  operations  of  a  faculty  of  reasoning  transcending 
the  laws  of  connection-forming,  than  the  behavior  of  men  in 
response  to  novel  situations.  Let  children  who  have  hitherto 
confronted  only  such  arithmetical  tasks,  in  addition  and  sub- 
traction with  one-  and  two-place  numbers  and  multiplication 
with  one-place  numbers,  as  those  exemplified  in  the  first  line 
below,  be  told  to  do  the  examples  shown  in  the  second  line. 


Kdd         Add 

Add 

Subt. 

Subt. 

Multiply 

Multiply 

Multiply 

8             37 

35 

8 

37 

8 

9 

6 

5            24 

68 
23 
19 

5 

24 

S 

7 

3 

Multiply 

Multiply 

Multiply 

32 

43 

34 

23 

22 

26 

They  will  add  them,  or  subtract  the  lower  from  the  upper 
number,  or  multiply  3X2  and  2X3,  etc.,  getting  66,  86,  and 
624,  or  respond  to  the  element  of  'Multiply'  attached  to  the 
two-place  numbers  by  'I  can't'  or  'I  don't  know  what  to  do,' 
or  the  like,  for  the  reasons  stated  on  page  28  f . ;  or,  if  one  is 
a  child  of  great  ability,  he  may  consider  the  'Multiply'  ele- 
ment and  the  bigness  of  the  numbers,  be  reminded  by  these 
two  aspects  of  the  situation  of  the  fact  that  '9,  multiply'  gave 
only  81,  and  that  '\l  multiply'  gave  only  100,  or  the  like; 
and  so  may  report  an  intelligent  and  justified  'I  can't,'  or 
reject  the  plan  of  3  X  2  and  2X3,  with  66,  86  and  624  for 
answers,  as  unsatisfactory.  What  the  children  will  do  will,  in 
every  case,  be  a  product  of  the  elements  in  the  situation  that 
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are  potent  with  them,  the  responses  which  these  evoke,  and 
the  further  associates  which  these  responses  in  turn  evoke. 
If  the  child  were  one  of  sufficient  genius,  he  might  infer  the 
procedure  to  be  followed  as  a  result  of  his  knowledge  of  the 
principles  of  decimal  notation  and  the  meaning  of  'Multiply,' 
responding  correctly  to  the  'place-value'  element  of  each  digit 
and  adding  his  6  tens  and  9  tens.  20  twos  and  3  thirties ;  but  if 
he  did  thus  invent  the  shorthand  addition  of  a  collection  of 
twenty-three  collections,  each  of  32  units,  he  would  still  do 
it  by  the  operation  of  bonds,  subtle  but  real. 

It  has  long  been  apparent  that  man's  erroneous  inferences 
— his  unsuccessful  responses  to  novel  situations — are  due  to  the 
■  action  of  misleading  connections  and  analogies  to  which  he 
is  led  by  the  laws  of  habit.  It  is  also  the  fact,  though  this  is 
not  so  apparent,  that  his  successful  responses  are  due  to  fruit- 
ful connections  and  analogies  to  which  he  is  led  by  the  same 
laws.  It  is  not  a  difference  in  the  laws  at  work,  but  in  the 
nature  of  the  habits  that  produce  the  variations  and  select  from 
them  for  the  further  guidance  of  thought.  The  insights  of  a 
gifted  thinker  seem  marvellous  to  us  because  the  subtle  ele- 
ments which  are  prepotent  for  his  thought  elude  us;  but  in 
the  same  way  our  insights  into  the  operations  of  new  machines, 
new  chemical  compounds,  or  new  electrical  apparatus  would 
seem  marvellous  to  a  savage  to  whom  levers,  screws,  reducing 
gears,  oxygen,  hydrogen,  electrical  energy  and  electric  potential 
were  elements  utterly  concealed  in  the  gross  complexes  before 
him.  We  should  succeed  with  these  novel  situations  as  the 
savage  could  not,  because  we  should  accentuate  different  ele- 
ments, and  these  elements  would  have  bound  to  them  different 
associates. 

Association  by  similarity  is,  as  James  showed  long  ago, 
simply  the  tendency  of  an  element  to  provoke  the  responses 
which  have  been  bound  to  it.  Abcde  leads  to  awxy:;  because 
a  has  been  bound  to  wxya  by  original  nature,  exercise  or 
iffect.     I  quote  a  part  of  his  fine  exposition  of  the  fact. 

"There  is  no  tendency  on  the  part  of  simple  'ideas/  at- 
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tributes,  or  qualities  to  remind  us  of  their  like.  The  thought 
of  one  shade  of  bhie  does  not  remind  us  of  that  of  another 
shade  of  blue,  etc.,  unless  indeed  we  have  in  mind  some 
general  purpose  like  naming  the  tint,  when  we  should  naturally 
think  of  other  blues  of  the  scale,  through  'mixed  association' 
of  purpose,  names,  and  tints,  together.  But  there  is  no  ele- 
mentary tendency  of  pure  qualities  to  awaken  their  similars 
in  the  mind. 

We  saw  in  the  chapter  on  Discrimination  that  two  com- 
pound things  are  similar  when  some  one  quality  or  group  of 
qualities  is  shared  alike  by  both,  although  as  regards  their 
other  qualities  they  may  have  nothing  in  common.  The  moon 
is  similar  to  a  gas-jet,  it  is  also  similar  to  a  foot-ball ;  but 
a  gas-jet  and  a  foot-ball  are  not  similar  to  each  other.  When 
we  affirm  the  similarity  of  two  compound  things,  we  should 
always  say  in  zvhat  respect  it  obtains.  Moon  and  gas-jet  are 
similar  in  respect  of  luminosity,  and  nothing  else;  moon  and 
foot-ball  in  respect  of  rotundity,  and  nothing  else.  Foot-ball 
and  gas-jet  are  in  no  respect  similar — that  is,  they  possess  no 
common  point,  no  identical  attribute.  Similarity,  in  compounds, 
is  partial  identity.  When  the  same  attribute  appears  in  two 
phenomena,  though  it  be  their  only  common  property,  the 
two  phenomena  are  similar  in  so  far  forth.  To  return  now 
to  our  associated  representations.  If  the  thought  of  the  moon 
is  succeeded  by  the  thought  of  a  foot-ball,  and  that  by  the 
thought  of  one  of  Mr.  X's  railroads,  it  is  because  the  attribute 
rotundity  in  the  moon  broke  away  from  all  the  rest  and  sur- 
rounded itself  with  an  entirely  new  set  of  companions  — 
elasticity,  leathery  integument,  swift  mobility  in  obedience 
to  human  caprice,  etc. ;  and  because  the  last-named  attribute 
in  the  foot-ball  in  turn  broke  away  from  its  companions,  and, 
itself  persisting,  surrounded  itself  with  such  new  attributes 
as  make  up  the  notions  of  a  'railroad  king,'  of  a  rising  and 
falling  stock-market,  and  the  like. 

The  gradual  passage  from  impartial  redintegration  to  simi- 
lar association  through  what  we  have  called  ordinary  mixed 
association  may  be  symbolized  by  diagrams.  Fig.  7  is 
impartial  redintegration,  Fig.  8  is  mixed,  and  Fig.  9  similar 
association.  A  in  each  is  the  passing,  B  the  coming  thought. 
In  'impartial,'  all  parts  of  A  are  equally  operative  in  calling 
up  B.  In  'mixed,'  most  parts  of  A  are  inert.  The  part  M 
alone  breaks  out  and  awakens  B.  In  'similar,'  the  focalized 
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part  M  is  much  smaller  than  in  the  previous  case,  and  after 
awakening  its  new  set  of  associates,  instead  of   fading  out 


:'-  -  "-v^- --^ 


Fig.  7.    After   James   ['93,   vol.    I,   p.    580]. 

h 


"StQ.  8.     After   James    ['93,    vol.    I,   p.    s8oJ. 

a  b 


Fig.  9.     After    Tames    ['93,    vol.    I,    p.    580]. 

itself,  it  continues  persistently  active  along  with  them,  forming 
an  identical  part  in  the  two  ideas,  and  making  these,  pro 
tanfo,  resemble  each  other  .   .   . 

To  sum  up,  then,  we  see  that  the  difference  between  the 
three  kinds  of  association  reduces  itself  to  a  simple  difference 
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in  the  amount  of  that  portion  of  the  nerve-tract  supportmg 
the  going  thought  which  is  operative  in  calling  up  the  thought 
which  comes.  But  the  modus  operandi  of  this  active  part 
is  the  same,  be  it  large  or  be  it  small.  The  items  constituting 
the  coming  object  waken  in  every  instance  because  their  nerve- 
tracts  once  were  excited  continuously  with  those  of  the  going 
object  or  its  operative  part.  This  ultimate  physiological  law 
of  habit  among  the  neural  elements  is  what  runs  the  train." 
['93,  vol.  I,  pp.  579-581,  passim.] 

Purposive  behavior  is  the  most  important  case  of  the  in- 
fluence of  the  attitude  or  set  or  adjustment  of  an  organism 
in  determining  (i)  which  bonds  shall  act,  and  (2)  which 
results  shall  satisfy. 

James  early  described  the  former  fact,  showing  that  the 
mechanism  of  habit  can  give  the  directedness  or  purposeful- 
ness  in  thought's  products,  provided  that  mechanism  includes 
something  paralleling  the  problem,  the  aim,  or  need,  in  ques- 
tion. The  nature  of  this  something  he  indicated  in  the  terms 
common  to  the  brain  physiology  of  his  time  of  writing.  He 
says: 

"Hitherto  we  have  assumed  the  process  of  suggestion  of 
one  object  by  another  to  be  spontaneous.  The  train  of  imagery 
wanders  at  its  own  sweet  will,  now  trudging  in  sober  grooves  of 
habit,  now  with  a  hop,  skip,  and  jump  darting  across  the  whole 
field  of  time  and  space.  This  is  revery,  or  musing;  but  great 
segments  of  the  flux  of  our  ideas  consist  of  something  very 
different  from  this.  They  are  guided  by  a  distinct  purpose 
or  conscious  interest.  As  the  Germans  say,  we  nachdenken, 
or  think  towards  a  certain  end.  It  is  now  necessary  to  examine 
what  modification  is  made  in  the  trains  of  our  imagery  by 
the  having  of  an  end  in  view.  The  course  of  our  ideas  is  then 
called  voluntary. 

Physiologically  considered,  we  must  suppose  that  a  purpose 
means  the  persistent  activity  of  certain  rather  definite  brain- 
processes  throughout  the  whole  course  of  thought.  Our  most 
usual  cogitations  are  not  pure  reveries,  absolute  driftings,  but 
revolve  about  some  central  interest  or  topic  to  which  most 
of  the  images  are  relevant,  and  towards  which  we  return 
promptly  after  occasional  digressions.     This  interest  is  sub- 
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served  by  the  persistently  active  brain-tracts  we  have  supposed. 
In  the  mixed  associations  which  we  have  hitherto  studied,  the 
parts  of  each  object  which  form  the  pivot  on  which  our 
thoughts  successively  turn  have  their  interest  largely  deter- 
mined by  their  connection  with  some  general  interest  which 
for  the  time  has  seized  upon  the  mind.  If  we  call  Z  the 
brain-tract  of  general  interest,  then,  if  the  object  abc  turns 
up,  and  b  has  more  associations  with  Z  than  have  either  a 
or  c,  b  will  become  the  object's  interesting,  pivotal  portion, 
and  will  call  up  its  own  associates  exclusively.  For  the  energy 
of  b's  brain-tract  will  be  augmented  by  Z's  activity — an 
activity  which,  from  lack  of  previous  connection  between  Z 
and  a  or  r,  does  not  influence  a  or  c.  If,  for  instance,  I 
think  of  Paris  whilst  I  am  hungry,  I  shall  not  improbably 
find  that  its  restaurants  have  become  the  pivot  of  my 
thought,  etc.,  etc. 

But  in  the  theoretic  as  well  as  in  the  practical  life  there 
are  interests  of  a  more  acute  sort,  taking  the  form  of  definite 
images  of  some  achievement,  be  it  action  or  acquisition,  which 
we  desire  to  effect.  The  train  of  ideas  arising  under  the 
influence  of  such  an  interest  constitutes  usually  the  thought 
of  the  nica)is  by  which  the  end  shall  be  attained.  If  the  end 
by  its  simple  presence  does  not  instantaneously  suggest  the 
means,  the  search  for  the  latter  becomes  an  intellectual  problem. 
The  solution  of  problems  is  the  most  characteristic  and  peculiar 
sort  of  voluntary  thinking.  Where  the  end  thought  is  of  some 
outward  deed  or  gain,  the  solution  is  largely  composed  of  the 
actual  motor  processes,  walking,  speaking,  writing,  etc.,  which 
lead  up  to  it.  Where  the  end  is  in  the  first  instance  only 
ideal,  as  in  laying  out  a  place*  of  operations,  the  steps  are  purely 
imaginary.  In  both  of  these  cases  the  discovery  of  the  means 
may  form  a  new  sort  of  end,  of  an  entirely  peculiar  nature, 
an  end,  namely,  which  we  intensely  desire  before  we  have 
attained  it,  but  of  the  nature  of  which,  even  whilst  most 
strongly  craving  it,  we  have  no  distinct  imagination  what- 
ever.    Such  an  end  is  a  problem.  .  .  . 

From  the  guessing  of  newspaper  enigmas  to  the  plotting 
of  the  policy  of  an  empire  there  is  no  other  process  than  this. 
We  trust  to  the  laws  of  cerebral  nature  to  present  us  spon- 
taneously with  the  appropriate  idea."  ['93,  vol.  i,  p.  583  f. 
and  p.  589.] 

*  So  in  the  original,  but  "place"  is  probably  a  misprint  for  "plan." 
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The  second  fact,  that  the  set  or  attitude  of  the  man  help 
to  determine  which  bonds  shall  satisfy,  and  which  shall  annoy, 
has  commonly  been  somewhat  obscured  by  vague  assertions 
that  the  selection  and  retention  is  of  what  is  'in  point,'  or  is 
'the  right  one,'  or  is  'appropriate,'  or  the  like.  It  is  thus 
asserted,  or  at  least  hinted,  that  'the  will,'  'the  voluntary  at- 
tention,' 'the  consciousness  of  the  problem'  and  other  such  en- 
tities are  endowed  with  magic  power  to  decide  what  is  the 
'right'  or  'useful'  bond  and  to  kill  off  the  others. 

The  facts  are  that  in  purposive  thinking  and  action,  as 
everywhere  else,  bonds  are  selected  and  retained  by  the  satis- 
fyingness,  and  are  killed  off  by  the  discomfort,  which  they 
produce;  and  that  the  potency  of  the  man's  set  or  attitude 
to  make  this  satisfy  and  that  annoy — to  put  certain  conduction- 
units  in  readiness  to  act  and  others  in  unreadiness — is  in  every 
way  as  important  as  its  potency  to  set  certain  conduction- 
units  in  actual  operation.  Whatever  else  it  be,  purposive 
thought  or  action  is  a  series  of  varied  reactions  or  'multiple 
response.'  Point  by  point  in  the  series,  that  response  is 
selected  for  survival  and  predominant  determination  of  future 
response  which  relieves  annoyances  or  satisfies  cravings  which 
rule  the  thinker.  In  intellectual  matters,  and  in  the  activities 
of  man  that  are  only  indirectly  connected  with  the  common 
instinctive  wants,  these  annoyances  and  satisfactions  and  their 
effect  on  learning  may  be,  and  indeed  usually  have  been,  over- 
looked because  they  lack  intensity  of  effect  and  uniformity 
of  attachment.  But  they  should  not  be.  The  power  that 
moves  the  man  of  science  to  solve  problems  correctly  is  the 
same  as  moves  him  to  eat,  sleep,  rest,  and  play.  The  efficient 
thinker  is  not  only  more  fertile  in  ideas  and  more  often  pro- 
ductive of  the  'right'  ideas  than  the  incompetent  is;  he  also 
is  more  satisfied  by  them  when  he  gets  them,  and  more  re- 
bellious against  the  futile  and  misleading  ones.  "We  trust  to 
the  laws  of  cerebral  nature  to  present  us  spontaneously  with 
the  appropriate  idea,"  and  also  to  prefer  that  idea  to  others. 


chapter  v 
Mental  Functions 

Learning  is  connecting,  and  man  is  the  great  learner  pri- 
marily because  he  forms  so  many  connections.  The  processes 
described  in  the  last  two  chapters,  operating  in  a  man  of 
average  capacity  to  learn,  and  under  the  conditions  of  modern 
civilized  life,  soon  change  the  man  into  a  wonderfully  elaborate 
and  intricate  system  of  connections.  There  are  millions  of 
them.  They  include  connections  with  subtle  abstract  elements 
or  aspects  or  constituents  of  things  and  events,  as  well  as 
with  the  concrete  things  and  events  themselves. 

Any  one  thing  or  element  has  many  different  bonds,  each 
in  accordance  with  one  of  many  'sets'  or  attitudes,  which 
co-act  with  it  to  determine  response.  Besides  the  connections 
leading  to  actual  conduction  in  neurones,  there  are  those  which 
lead  to  greater  or  less  readiness  to  conduct,  and  so  determine 
what  shall  satisfy  or  annoy  in  any  given  case. 

The  bonds  productive  of  observable  motor  responses — such 
as  speech,  gesture,  or  locomotion,  are  soon  outnumbered  by  those 
productive,  directly  and  at  the  time,  of  only  the  inner,  con- 
cealed responses  in  the  neurones  themselves  to  which  what 
we  call  sensations,  intellectual  attention,  images,  ideas,  judg- 
ments, and  the  like,  are  due.  The  bonds  productive  of  motor 
responses  also  include  a  far  richer  equipment  than  we  are  accus- 
tomed to  list.  Man's  life  is  chock-full  of  evanescent,  partly 
made,  and  slurred  movements.  These  appear  in  so-called 
'inner'  speech,  the  tensions  of  eyes  and  throat  in  so-called 
intellectual  attention,  and  the  like. 

The  bonds  lead  not  only  from  external  situations — facts 
outside  the  man — to  responses  in  him,  and   from  situations 
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in  him  to  acts  by  which  he  changes  outside  nature,  but  also 
from  one  condition  or  fact  or  event  in  him  to  another  and 
so  on  in  long  series.  Of  the  connections  to  be  studied  in 
man's  learning  an  enormous  majority  begin  and  end  with  some 
state  of  affairs  within  the  man's  own  brain — are  bonds  between 
one  mental  fact  and  another. 

The  laws  whereby  these  connections  are  made  are  sig- 
nificant for  education  and  all  other  branches  of  human  engineer- 
ing. Learning  is  connecting;  and  teaching  is  the  arrangement 
of  situations  which  will  lead  to  desirable  bonds  and  make 
them  satisfying.  A  volume  could  well  be  written  showing  in 
detail  just  what  bonds  certain  exercises  in  arithmetic,  spelling, 
German,  philosophy,  and  the  like,  certain  customs  and  laws, 
certain  moral  and  religious  teachings,  and  certain  occupations 
and  amusements,  tend  to  form  in  men  of  given  original  natures ; 
or  how  certain  desired  bonds  could  economically  be  formed. 
Such  would  be  one  useful  portion  of  an  Applied  Psychology 
of  Learning  or  Science  of  Education.* 

The  psycholog}^  of  learning  might  also  properly  take  as 
its  task  the  explanation  of  how,  starting  from  any  exactly 
defined  original  nature,  the  bonds  have  been  formed  which 
cause  the  man  in  question  to  make  such  and  such  movements, 
attend  to  this  rather  than  that  feature  of  an  object,  have  such 
and  such  ideas  in  response  to  a  given  problem,  be  satisfied 
with  some  of  them  and  reject  others,  enjoy  this  picture, 
abstract  numerical  relations  from  a  certain  state  of  affairs, 
and  so  on  through  all  the  acquisitions  which  his  life  of  learn- 
ing comprises.  Psychology  might  seek  to  list  the  bonds  and 
elements  of  bonds  which  account  for  his  habits,  associations 
of  ideas,  abstractions,  inferences,  tastes  and  the  rest,  might 
measure  the  strength  of  each,  discover  their  relations  of  facili- 
tation and  inhibition,  trace  their  origins,  and  prophesy  their 
future  intrinsic  careers  and  their  effects  in  determining  what 

*  The  more  elementary  and  general  applications  of  the  laws  of  learning 
will  be  found  set  forth  in  such  books  as  Bagley's  Educative  Process;  Col- 
vin's  Learning  Process;  and  the  author's  Principles  of  Teaching. 
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new  bonds  or  modifications  of  old  bonds  any  given  situation 
will  form.  As  a  geologist  uses  the  laws  of  physics  and 
chemistry  to  explain  the  modifications  of  the  earth's  surface, 
so  a  psychologist  might  use  the  laws  of  readiness,  exercise, 
and  effect  to  explain  the  modifications  in  a  man's  nature — in 
his'  knowledge,  interests,  habits,  skill,  and  powers  of  thought 
or  appreciation.     This  task  is,  however,  one  for  the  future. 

The  process  of  learning  is  one  of  simple  making  and  keep- 
ing connections  and  readinesses  to  conduct,  but  the  result  is 
a  mixture  of  organized  and  unorganized  tendencies  that,  even 
in  an  average  three-year-old  child,  baffles  description  and 
prophecy.  No  one  has  ever  even  listed  the  tendencies  to 
respond  of  any  one  human  creature  above  that  age  and  of 
average  capacity  to  learn,  nor  even  begun  to  trace  the  history 
of  their  acquisition. 

What  psychology  has  done  is  to  consider  certain  vaguely 
defined  groups  of  tendencies,  describing  them  roughly  and 
observing  how  they  change  in  certain  important  respects, 
notably  in  their  efficiency  in  producing  some  desired  result 
in  living.  The  terms,  intellect,  character,  skill,  and  tempera- 
ment, thus  more  or  less  well  separate  off  four  great  groups  of 
connections  in  a  man.  Within  the  sphere  of  intellect,  the 
terms,  information,  habits,  powers,  interests  and  ideals,  go 
a  step  further  in  delimiting  certain  groups  of  connections. 
The  terms,  ability  to  add,  ability  to  read,  interest  in  music, 
courage,  and  business  honesty,  are  samples  of  compound  ten- 
dencies or  groups  of  connections  much  narrower  than  those 
listed  above,  and  cutting  across  them  in  many  ways.  It  is 
such  compound  tendencies,  or  groups  of  connections,  or  hier- 
archies of  bonds,  that  will  be  the  subject  matter  of  the  re- 
mainder of  this  volume. 

THE    ORGANIZATION    OF    CONNECTIONS 

There  are  very  many  points  of  view  from  which  the  total 
multitude  of  man's  original  and  acquired  bonds  may  be  grouped 
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into  'traits'  or  'abilities'  or  'functions'  or  'compounds  of  ten- 
dencies.' The  one  most  often  taken  regards  human  behavior 
as  a  means  to  attain  ends,  and  so  expresses  the  results  of  learn- 
ing as  'knowledge  of  medicine,'  'ability  to  add,'  'ability  to  type- 
write,' 'skill  in  drawing,'  and  the  like.  But  all  sorts  of  facts 
may  be  used  to  cut  up  the  one  gross  fact  of  a  man's  nature, 
or  to  bundle  together  the  millions  of  situation-response  bonds 
which  his  nature  really  is.  Thus,  by  relation  to  objects  of 
importance,  we  get  such  traits  or  functions  as  a  man's  know- 
ledge of  plants,  his  politics,  or  his  interests  in  sports,  or  his 
love  of  the  water;  by  relation  to  certain  elementary  features 
of  the  world,  we  get  such  traits  as  color-vision,  or  discrimin- 
ation of  pitch ;  by  relation  to  the  organization  already  found  in 
man's  original  nature,  we  get  such  groupings  as  the  sexual 
life,  feeding  habits,  protective  responses,  and  the  like.  We 
may  even  be  swayed  by  the  existence  of  convenient  means 
of  measuring  behavior,  and  consequently  group  man's  ten- 
dencies into  his  ability  to  mark  a's,  rate  of  tapping,  memory  of 
numbers,  accuracy  in  matching  weights,  and  the  like. 

Let  us  then  use  the  term  Mental  Function  for  any  group 
of  connections,  or  for  any  feature  of  any  group  of  connections, 
or  indeed  for  any  segment  or  feature  of  behavior,  which  any 
competent  student  has  chosen  or  may  in  the  future  choose 
to  study,  as  a  part  of  the  total  which  we  call  a  man's  intellect, 
character,  skill,  and  temperament.  By  so  catholic  a  definition 
we  shall  have  a  convenient  term  to  mean  any  learnable  thing 
in  man,  the  psychology  of  whose  learning  anybody  has  in- 
vestigated. We  can  thus  report  the  psychology  of  learning 
in  so  'little'  a  function  as  tending  to  say  ''jeh  nok  zvif  les  kig 
sun"  when,  in  a  given  total  set,  "zek  pel  tnz"  has  been  said; 
or  in  so  'large'  a  function  as  ability  to  read  the  vernacular,  or 
even  total  knowledge — its  quantity,  quality,  and  serviceable- 
ness.  To  utilize  what  has  been  thought  and  done  about  the 
dynamics  of  human  learning,  just  such  a  range  of  report  must 
be  made. 

In  studying  mental  functions  one  might  begin  at  the  real 
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beginning — man's  original  nature — and  trace  each  formation 
of  each  bond,  getting  eventually  the  entire  history  of  each 
function  in  terms  of  original  tendencies  and  environmental  cir- 
cumstances cooperating  under  the  laws  of  exercise,  effect,  and 
readiness.  Such  a  thoroughgoing  genetic  method  would  be 
admirable  in  intention,  but  its  execution  is  impossible  in  our 
present  state  of  ignorance. 

One  might  insist  on  analyzing  the  function  into  the  actual 
situation-response  bonds  and  readinesses  that  compose  it,  so  far 
as  that  could  possibly  be  done,  and  studying  these,  its  ele- 
ments, before  attempting  to  say  anything  else  about  the  func- 
tion— for  example,  about  its  efficiency  as  a  whole^  its  improve- 
ment by  practice,  its  temporary  decrease  in  efficiency  due  to 
illness  or  excessive  exercise,  and  the  like.  Such  a  reduction 
to  constituent  bonds  and  readinesses  before  any  further  ex- 
perimentation is  surely  often  the  part  of  wisdom.  It  is  very 
much  needed,  for  example,  in  the  case  of  the  school  functions 
— ability  to  read,  ability  to  spell,  ability  to  add,  and  the  like. 
As  a  matter  of  fact,  however,  almost  all  of  the  investigations 
of  the  psychology  of  learning  concern  functions  unreduced  to 
simple — not  to  say  simplest — constituent  connections.  Apart 
from  the  memorizing  of  unrelated  facts — such  as  series  of 
numbers  or  nonsense  syllables — the  functions  that  have  been 
studied  are  for  the  most  part  such  vague  composite  ones  as 
adding,  multiplication,  telegraphy,  or  typewriting.  The  re- 
sults, though  probably  not  so  widely  significant  as  those  to  be 
expected  from  studies  of  learning  that  is  fully  analyzed  into 
its  elements,  are  of  great  importance  and  give  the  best  infor- 
mation available  upon  which  to  base  plans  for  improving  and 
economizing  learning  in  schools,  trades,  and  professions. 

Consequently  the  rest  of  the  volume  will  accept  the  con- 
ditions set  by  the  present  status  of  investigations  of  human 
learning;  will  start  with  whatever  functions  psychology  and 
education  have  been  concerned  with,  vague  and  complex  though 
they  be;  and  will  report  whatever  useful  facts  are  at  hand. 
These  facts  may  be  grouped,  in  the  main,  under  three  heads: 
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The  Permanent  Improvement  of  Mental  Functions  by  Exercise 
and  Interest;  Their  Permanent  Deterioration  b}'  Disuse;  Their 
Temporar}'  Deterioration  by  Exercise  without  Rest.  We  have, 
that  is,  to  report  the  psychology  of  practice,  memory,  for- 
getting, and  fatigue.* 

As  a  preliminary  to  such  a  report,  we  need  first  to  learn 
what  useful  descriptions  of  mental  functions  can,  even  in  our 
present  ignorance,  be  given ;  and  what  the  concepts  of  improve- 
ment and  deterioration  of  mental  functions  mean. 

THE    DESCRIPTION    OF    MENTAL    FUNCTIONS 

Consider  the  following  haphazard  selection  from  the  names 
of  functions  that  have  been,  or  might  be,  studied : — Ability 
to  spell  cat,  ability  to  spell,  knowledge  that  V  289  =17,  ability 
to  read  English,  knowledge  of  telegraphy,  knowledge  of  Rus- 
sian, ability  to  draw  a  circle,  speed  in  tapping,  skill  in  draw- 
ing, motor  control,  ability  to  give  the  opposites  of  good,  up, 
day  and  night,  controlled  association,  judgment,  ability  to 
memorize  a  series  of  nonsense  syllables,  delicacy  of  discrimi- 
nation, memory,  attention  to  small  visual  details,  teaching- 
efficiency,  business-ability,  interest  in  mathematics,  interest 
in  music,  enjoyment  of  good  reading,  appreciation  of  painting, 
taste  in  household  decoration,  sensitiveness  to  pain,  accuracy 
and  vividness  of  visual  imagery,  desire  for  approval,  fear 
and  avoidance  of  snakes,  misery  at  being  scorned,  rate  of 
reading,  frequency  of  fixation-pauses  in  reading,  duration  of 
fixation-pauses  in  reading,  duration  of  inter-fixation  movements 
in  reading. 

First  of  all,  observe  that  there  are  two  sets  of  sources  of 
information  about  the  condition  of,  and  changes  in,  any  mental 
function  in  any  man.     First,  there  are  the  facts  possessed  by 

*  The   facts  concerning   fatigue  will   he  presented   in   Vol.   Ill,   Part   I. 

The  permanent  and  temporary  effect  of  diseases,  of  drugs,  poisons, 
and  other  physiological  agencies  upon  the  efhciency  of  mental  functions 
is  a  fourth  topic  of  much  importance,  but  of  importance  primarily  to  stu- 
dents of  medicine  and  hygiene. 
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any  competent  observer  who  puts  himself  in  the  right  place 
at  the  right  time  with  the  right  means.  Thus,  any  competent 
observer,  so  acting,  can  tell  whether  John  Smith  does  or  does 
not  write  cat  in  a  given  situation ;  how  many  taps  he  makes  in 
five  seconds ;  whether  he  chooses  Milton  or  Mark  Twain  to 
read;  whether  he  says  that  a  given  pressure  hurts  or  that 
it  does  not;  whether  he  writes  that  his  mental  image  of  the 
morning's  breakfast  table  is  as  detailed  and  vivid  as  the  real 
sight  of  it,  or  is  about  half  as  detailed  and  vivid,  or  is  a 
blank;  how  many  dollars  are  required  to  induce  him  to  hold 
a  black  snake  for  a  minute;  how  many  fixation-pauses  he 
makes  in  reading  a  given  hundred  words,  and  how  long 
each  lasts. 

Second,  there  are  the  facts  which  John  Smith  alone  possesses. 
Thus,  only  John  has  (or  perhaps  we  should  say  is)  the  pleasure 
from  Milton's  poetry  that  makes  him  read  it,  the  sensation 
whereljy  he  reports  that  a  given  pressure  hurts,  the  image  of 
the  breakfast  table,  the  horror  or  indifference  at  holding  the 
snake.  Certain  sorts  of  behavior  in  his  neurones  influence 
John  as  they  do  no  one  else.  Even  if  his  neurones  in  every 
molecule  were  open  to  the  observation  of  competent  observers, 
as  his  handwriting  now  is.  these  observers  would  still  lack 
this  added  source  of  knowledge  which  John  has  of  his  own 
life  and  they  of  their  own. 

For  useful  descriptions  of,  and  statements  about,  mental 
functions  we  rely  chiefly,  if  not  wholly,  upon  the  first  set  of 
sources  of  information.  The  man's  inner  awarenesses — ^liis 
confidential  relations  with  his  neurones,  so  to  speak — in  and 
of  themselves  give  few  or  no  data  to  the  objective,  verifiable 
knowledge  which  we  call  science.  Only  from  what  we  observe 
that  he  says  or  writes  or  does — or,  in  the  future  perhaps, 
from  some  more  direct  inspection  of  what  his  nervous  system 
does — can  we  judge  with  surety  about  what  he  knows,  how 
he  has  changed,  and  whether  he  will  or  will  not  respond  in 
a  given  manner.  Any  mental  function  in  any  man  is  described 
by  means  of  its  results  upon  so  much  of  the  man's  behavior 
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as  is  observable  to  any  competent  and  properly  equipped  ob- 
server. 

Certain  special  difficulties  hinder  us  in  the  work  of  using 
man's  observable  behavior  to  infer  the  nature  of,  and  the 
changes  in,  his  mental  functions.  There  is,  first,  great  dif- 
ficulty in  verifying  the  facts  concerning  functions  whose 
situations  or  responses  are  conditions  of  the  neurones  within 
the  man's  nervous  system — which,  in  so-called  psychological 
terms,  are  percepts,  images,  ideas,  emotions,  and  the  like. 
For  example,  if  A  reports  that  a  certain  pressure  is  painful, 
his  report  cannot  be  verified  as  we  could  verify  a  report  from 
him  that  the  moon  is  eclipsed,  or  that  the  river  is  rising  an 
inch  an  hour,  or  that  his  body  temperature  is  two  degrees 
above  its  normal.  If  B  reports  that  his  visual  images  of 
familiar  objects  are  two-thirds  as  vivid  and  detailed  as  his 
sensory  apprehensions  of  the  same  objects,  this  report  cannot 
be  checked  as  could  his  report  that  a  given  hill  is  two-thirds 
as  high  as  another. 

There  is  also  great  difficulty  in  providing  individuals  with 
standards  whereby  their  reports  of  their  sensations,  percepts, 
images,  emotions  and  the  like,  may  be  made  intelligible  and 
comparable  with  those  made  by  other  individuals,  or  by  them- 
selves at  other  times.  Thus,  how  shall  we  make  sure  that 
a  hundred  men,  even  though  entirely  willing  and  honest,  who 
are  asked  to  report  when  an  increasing  pressure  becomes 
^painful,'  will  have  the  same  standards  of  'painful'  in  mind? 
Or  how  can  we  be  sure  that  "dim,"  "fairly  clear,"  "pretty 
well  defined,"  and  "quite  distinct  and  natural,"  in  Galton's 
questions  on  imagery,  meant  just  the  same  to  each  of  the 
individuals  reporting?  We  can,  indeed,  be  sure  that  they 
did  not. 

It  should  be  noted  that  these  difficulties  of  unverifiability 
of  facts  and  of  inexactness  of  standards  are  caused,  not  by 
the  person's  reporting  about  himself,  but  only  by  his  reporting 
about  certain  specially  hidden  conditions  in  himself  which 
influence  him  as  they  do  not  influence  other  men.     When  he 
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reports  facts  about  himself  which  he  gets  in  the  ordinary 
*pubHc,'  objective,  non-introspective  way,  the  facts  are  verifiable 
and  definable  according  to  accurate  standards.  Thus,  when  he 
says,  'I  can  add,'  on  the  basis  of  having  observed  himself 
respond  to  certain  numbers  by  writing  yr  saying  certain  other 
numbers,  or  when  he  says,  'I  have  a  very  great  horror  of 
snakes,'  on  the  basis  of  having  observed  himself  avoid  them, 
shudder  at  them,  and  the  like,  he  reports  about  himself  as  he 
might  about  another  man  or  as  another  might  about  him,  and 
no  special  difficulty  in  verification  or  intelligibility  exists. 

Much  of  human  self-observation  is  of  this  objective  sort, 
a  man  reporting  about  himself  to  himself  or  to  others,  as  he 
might  report  about  another  man.  It,  rather  than  introspection 
in  the  sense  of  a  peculiar,  private,  subjective  awareness  of  one's 
inner  life,  is  the  basis  of  very  many  of  a  man's  judgments 
about  himself.  When  a  man  says,  'I  can  spell  cat,'  *I  am  a 
poor  speller,'  *I  do  not  know  what  the  square  root  of  289  is.' 
'I  can  read,'  'I  am  the  most  skillful  telegrapher  in  New  York,' 
'I  have  improved  twenty  per  cent  in  drawing  cubes,'  or  'My 
speed  in  tapping  increases  in  the  evening,'  he  almost  certainly 
is  making  his  judgments  on  the  basis  of  objective  observations 
of  his  own  (and,  of  course,  observations  of  him  by  others) 
rather  than  on  any  private,  direct  introspective  awareness  of 
his  own  nature. 

The  third  difficulty  in  describing  a  mental  function  and  the 
changes  which  it  undergoes  in  accordance  with  exercise,  in- 
terest, the  action  of  drugs,  and  the  like,  consists  in  its 
variability  under  the  influence  of  minor,  little  known  and  little 
controllable  causes.  For  example,  though  all  the  known  causes 
of  variation  in  a  man's  ability  to  add  be  kept  constant  or 
allowed  for,  notew-orthy  ups  and  downs  in  the  quantity  and 
quality  of  the  work  done  will  still  appear.  Consequently  the 
investigation  of  the  variations  in  a  function  due  to  variations 
in  any  one  condition  has  to  free  itself  from  the  effects  of  these 
'chance'  variations  due  to  uncontrollable  causes.  The  means 
taken   is   to   repeat   the   investigation  often   enough   to  make 
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the  variations  due  to  uncontrollable  causes  approximately  bal- 
ance one  another,  leaving  the  effect  of  the  investigated 
variations  undefiled  thereby.  This  makes  the  study  of  mental 
functions  more  laborious  than  that  of  physiological  or  physical 
functions.  The  exact  description  of  the  status  of  a  mental 
function,  or  of  a  change  in  it,  may  even  require  a  special  and 
elaborate  use  of  measurements. 

There  are  other  difficulties,  notably  the  lack  or  imper- 
fection of  units  and  scales  in  which  to  measure  mental  func- 
tions, and  the  complexity  of  the  functions  themselves.  These 
will  receive  sufficient  mention  incidentally  under  the  next  topic. 
The  Characteristics  of  Mental  Functions. 

CHARACTERISTICS    OF    MENTAL    FUNCTIONS 

Amongst  the  samples  of  mental  functions  listed  on  page 
59,  'abihty  to  spell'  differs  from  'ability  to  spell  cat ;'  'motor 
control'  differs  from  'ability  to  draw  a  circle'  or  'speed  in 
tapping;'  'memory'  differs  from  'ability  to  memorize  a  series 
of  nonsense  syllables' — in  each  case  by  being  a  wider,  more  in- 
clusive, compound  or  group  of  bonds  and  readinesses.  There 
is,  theoretically,  a  variation  possible  from  a  function  repre- 
senting a  single  bond  between  one  situation  and  one  response, 
or  the  readiness  of  a  single  conduction  unit,  to  a  function 
representing  millions  of  such  bonds  or  readinesses.  And  the 
functions  actually  investigated  by  psychologists  cover  nearly 
as  wide  a  range. 

A  mental  function  may  involve  a  single  set,  or  a  series 
of  sets,  of  bonds — may  be  'short'  or  'long.'  Amongst  our 
samples,  sensitiveness  to  pain  (if  in  the  sense  of  the  least 
amount  of  pressure  or  electrical  shock  at  a  certain  spot  that 
will  cause  a  sensation  of  pain)  differs  from  ability  to  draw  a 
circle  or  ability  to  spell  cat,  in  that  the  series  of  neural  bonds 
involved  is  shorter.  It  is  commonly  assumed,  at  least,  that 
in  the  first  case  the  function  concerns  the  working  of  only 
the  first  sensory  neurones  and  the  further  connected  neurones 
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leading  to  the  cortical  'centers'  in  question ;  in  the  second  and 
third  cases,  the  function  concerns  such  first  sensory  neurones 
and  their  connected  neurones  as  far  as  the  cortical  centers, 
and  thence  on  to  the  muscles  involved  in  the  drawing,  writing, 
or  speech.  In  any  case,  between  such  functions  as  sensitive- 
ness to  pain  or  bitter  or  red  and  such  as  executive  ability, 
power  to  plan  a  military  campaign,  or  ability  to  make  a 
successful  prognosis  for  a  disease,  there  is  this  difference  in 
the  number  of  bonds  in  the  series,  in  the  number  of  connec- 
tion-steps between  what  is  taken  as  the  starting  situation-group 
and  what  is  taken  as  the  ending  response-group.  The  differ- 
ence in  the  number  of  bonds  when  they  are  arranged,  so  to 
speak,  'in  parallel'  being  designated  conveniently  by  'wide' 
and  'narrow,'  this  difference  in  the  number  of  bonds  when  they 
are  arranged  'in  series'  is  conveniently  compassed  by  the  terms 
'long'  and  'short.' 

A  mental  function  may  be  more  or  less  prophetic — may 
involve  differing  proportions  of  actual  and  of  possible  bonds. 
The  functions,  'ability  to  spell  cat,'  'knowledge  that  V289=  17,' 
and  'speed  in  tapping,'  refer  to  the  actual  existence  of  bonds. 
The  function,  'ability  to  memorize  a  series  of  nonsense 
syllables,'  refers  to  the  probability  that,  when  certain  things 
happen,  certain  bonds  will  be  formed.  The  terms — skill  in 
drawing,  motor  control,  business  ability,  and  interest  in 
mathematics — ordinarily  imply  something  about  both  the  present 
existence  of  some  bonds  and  the  future  formation,  under  certain 
conditions,  of  others.  Similarly,  terms  designating  functions 
may  refer  to  the  already  existent  readiness  of  certain  con- 
duction-units— that  is,  to  the  already  existent  tendency  to  be 
satisfied  by  such  and  such  states  of  affairs ;  or  they  may  refer 
to  the  future  existence  of  that  tendency,  given  certain  con- 
ditions ;  or  they  may  refer  to  both. 

A  mental  function  may  relate  primarily  to  the  form  of  what 
is  done,  or  to  the  content  in  connection  with  which  something  is 
done.  Such  functions  as  'ability  to  memorize  series  of  non- 
sense   syllables,'    'delicacy   of    discrimination,'    and    'attention 
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to  small  details'  may  be  contrasted  with  such  as  'business 
ability'  and  'efficiency  in  teaching'  in  that  the  former  are  con- 
cerned chiefly  with  the  form,  and  the  latter  chiefly  with  the 
content,  of  the  man's  behavior.  In  the  former,  the  function 
is  defined  primarily  as  operating  on  facts  in  a  certain  way — 
memorizing  them,  or  discriminating  them,  or  attending  to 
them.  In  the  latter,  the  function  is  defined  primarily  as 
operating  successfully  on  certain  facts,  without  any  close  specifi- 
cation of  what  the  form  of  operation  is. 

This  distinction  between  the  form  of  a  mental  function — 
what  it  does  to  the  data — and  its  content — the  stuff  to  which 
it  does  something — is  not  a  very  useful  one.  A  statement 
of  a  function  in  terms  of  the  content  or  experiences  it  works 
on  and  the  form  of  operation  it  exercises  on  them,  has  to  be 
translated  into  terms  of  actual  situations  and  responses  before 
it  can  be  properly  handled  in  thought  or  in  experimentation. 
The  reason  for  making  the  distinction  here  is  that,  as  a 
matter  of  history,  psychology  began  its  study  of  dynamics 
by  assuming  'faculties'  of  perception,  memory,  imagination, 
discrimination,  attention  and  the  like,  which  were  supposed 
to  act  somewhat  indifferently  upon  many  different  sorts  of 
content.  Consequently,  we  have,  as  a  heritage,  many  de- 
scriptions of  functions — such  as  'keen  delicacy  of  discrimi- 
nation,' or  'slight  power  of  voluntary  attention,'  or  'excellent 
memory' — which,  if  they  are  to  mean  anything  useful,  mean 
some  fact  about  all  possible  bonds  of  a  certain  formal  aspect — 
the  aspect  of  response  to  a  difference,  or  the  aspect  of  re- 
sponding to  one  element  predominantly,  or  the  like.  These 
descriptions  play  important  roles  in  arguments  concerning  the 
improvement  of  mental  functions  and  the  effect  of  improving 
one  upon  the  efficiency  of  others.  The  distinction  made  above 
will  be  convenient  in  dealing  with  them. 

A  mental  function  may  consist  primarily  in  an  attitude  or 
primarily  in  an  ability.  Some  mental  functions — such  as  'en- 
joyment of  good  reading,'  'desire  for  approval,'  or  'misery  at 
being  scorned' — refer  primarily,  or  even  exclusively,  to  the 
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satisfyingness  and  annoyingness  of  certain  states  of  affairs. 
Others — such  as  'speed  in  tapping'  or  'ability  to  give  the  op- 
posites  of  certain  words,'  or  'knowledge  of  Russian' — refer 
primarily,  or  even  exclusively,  to  the  mere  acts  or  ideas  excited 
by  certain  situations.  Others — such  as  'interest  in  mathe- 
matics,' 'appreciation  of  music,'  and  'taste  in  household 
decoration' — refer  obviously  to  a  compound  of  tendencies  to 
do  this  or  that,  to  think  this  or  that,  and  also  to  welcome, 
cherish,  or  be  satisfied  by,  this  and  to  reject,  avoid,  or  be 
annoyed  by,  that. 

A  mental  function  refers  always  to  some  actually  or 
possibly  observable  events  in  behavior,  not  to  any  mythical 
entities  beneath  behavior.  Wide  or  narrow  in  its  scope,  short 
or  long  in  the  series  of  operations  which  it  comprises,  record- 
ing existing  powers  or  prophesying  their  existence  under 
given  conditions,  emphasizing  the  particular  situations  to 
which  the  man  can  respond  in  a  certain  way  or  leaving  them 
unspecified,  telling  what  he  will  do  or  telling  what  he  will 
be  satisfied  by — in  every  case  a  mental  function  concerns  some 
history  or  prophecy  of  behavior,  and  had  we  knowledge 
enough,  would  be  found  to  stand  for  certain  bonds  and  readi- 
nesses in  the  neurones,  or  certain  probabilities  of  the  appear- 
ance under  given  conditions  of  certain  bonds  and  readinesses. 

We  have  not,  however,  the  knowledge  necessary  to  state  even 
a  single  one  of  the  simplest  mental  functions  in  terms  of  the 
physiological  conditions  whose  effects  on  behavior  it  identifies. 
We  know  that  ability  to  spell  cat  means  in  the  last  analysis 
some  actual  bonds  between  neurones,  but  we  do  not  know 
what  bonds,  or  between  what  neurones.  Our  analyses  have 
progressed  toward,  but  are  nowhere  near,  that  limit.  The  case 
of  the  rate  of  reading  is  a  fair  sample  of  the  most  advanced 
of  present  analyses.  It  has  been  shown  that  the  eye  in  ordinary 
reading  acts  as  a  small  camera  might  in  taking,  section  by 
section,  pictures  which  together  compose  a  wide  sweep  of 
landscape.  That  is,  the  eye  does  not  swing  around  smoothly, 
being  impressed  by  the  line  of  print  as  it  swings,  but  jerks 
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along,  making  a  number  of  distinct  stops  for  each  line  (for 
a  four-inch  line  of  simple  text  from  three  to  eight  stops  for 
skilled  adult  readers).  The  eye  gains  an  impression  adequate 
for  reading  only  during  these  stops  or  fixation-pauses.  The 
rate  of  reading  then  needs  to  be  analyzed  into  the  number  of 
fixation-pauses  and  refixation-pauses,  their  duration,  and  the 
duration  of  the  interfixation  movements  within  each  line  and 
from  the  end  of  one  line  to  the  beginning  of  the  next  line. 
Doing  this  brings,  as  we  should  expect,  new  insights  into, 
and  added  control  over,   the  rate  of  reading. 

THE    CONCEPTS    OF    EFFICIENCY    AND    IMPROVEMENT 

A  man  jxiay  change  as  a  total  nature  by  adding  new 
mental  functions  to  his  equipment  or  by  changing  the  con- 
dition of  functions  already  possessed.  What  we  call  the  same 
function  may  exist  in  countless  different  conditions.  Ability 
to  add  may  be  of  a  hundred  different  degrees ;  knowledge  of 
chemistry  may  mean  a  million  different  things  in  different  men 
at  different  times,  according  to  just  what  concrete  facts  and 
powers  the  knowledge  comprises  in  each  case. 

Education  is  especially  interested  in  changes  in  the  con- 
dition of  a  mental  function,  and  more  especially  in  the  total 
change  in  it  which  makes  it  better  or  worse — more  or  less 
desirable  from  the  inquirer's  point  of  view.  We  wish  to  know 
what  a  certain  training  has  done  to  'improve'  A's  ability  to 
add,  or  knowledge  of  chemistry,  or  power  to  reason,  or  appre- 
ciation of  music.  Consequently  a  change  in  the  condition  of 
a  mental  function  in  any  given  man  is  very  often  described  in 
terms  of  so  much  'gain'  or  'improvement'  or  'increase  in  effici- 
ency,' or  as  so  much  'loss'  or  'deterioration'  or  'decrease  in 
efificiency.' 

Each  of  the  two  conditions  of  the  function  by  comparing 
which  the  change  is  described  is,  in  such  a  case,  judged  as  to 
its  efficiency — its  success,  actual  or  possible,  in  attaining  some 
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end — the  quantity  and  quality  of  some  product  produced  by 
it — its  value  from  some  point  of  view. 

Just  exactly  w^hat  we  mean  when  we  say  that  John  Smith 
writes  better  than  he  did  last  year,  or  has  gained  in  self  control, 
or  has  lost  skill  in  billiards  from  lack  of  practice,  or  has 
improved  ten  per  cent  in  memory  for  nonsense-syllables — is 
a  matter  of  importance  in  every  case.  Scientific  treatment  of 
John  Smith's  learning  demands  that  the  two  degrees  of 
efficiency  and  the  difference  between  them  be  so  identified  that 
all  competent  thinkers  can  have  in  mind  the  same  facts. 

The  terms,  efficiency,  improvement,  and  deterioration,  mean, 
of  course,  something  somewhat  similar  in  all  these  cases.  Other- 
wise competent  students  of  psychology  and  education  would 
not  so  use  them.  Their  meanings  also  obviously  vary  some- 
what with  the  functions  respecting  which  they  are  used — 
efficiency  in  self  control,  for  instance,  being  in  fact  different 
from  efficiency  in  memory  for  nonsense  syllables.  Both  in 
their  similarities  and  in  their  diversities,  they  need  critical 
examination.  For  the  most  misleading  errors  that  one  is 
likely  to  make  in  interpreting  his  observations  of  'practice' 
and  'fatigue'  will  be  due  to  misunderstandings  and  mis- 
measurements  of  efficiency,  improvement  and  deterioration. 
Such  a  critical  examination  of  what  the  efficiency  of  a  mental 
function  means  is  most  profitable  if  directed  first  to  the  appar- 
ently secondary  question  of  how  it  is  measured — of  what  we 
measure  when  we  measure  a  function's  improvement  or  de- 
terioration. 

Consider,  therefore,  the  following  cases : 

Case  A.  Single-Scale  Efficiencies. — The  simplest  meanings 
of  greater  and  less  efficiency  are  larger  and  smaller  amounts 
of  some  one  thing  or  quality  or  characteristic.  If  the  quality 
is  a  desirable  one,  gain  or  improvement  then  means  positive 
progress  toward  the  upper  extreme  of  the  scale  by  which  it  is 
measured ;  loss  or  deterioration  means  a  change  toward  the 
lower  extreme.  Conversely,  for  undesirable  characteristics. 
The  speed  of  errorless  adding  of  pairs  of  two-place,  integral, 
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jx)sitive  numbers  is  an  illustration,  the  amount  per  unit  of 
time  giving  the  former,  and  the  time  required  for  equal 
amounts  the  latter,  sort  of  measures. 

Case  B.  Multiple-Scale  Efficiencies  of  Like  Sense. — When 
the  improvement  of  a  function  consists  of  progress  along  two 
or  more  single  scales,  but  always  in  the  same  direction,  we  have 
to  measure  it  by  some  sort  of  compounding  of  the  several 
changes.  So,  improvement  in  ability  to  add  pairs  of  two- 
place  integral  numbers  is  measured  by  somehow  compounding 
the  change  in  amount  done  per  unit  of  time  with  the  change 
in  amount  right  (or  in  proportion  right)  per  unit  of  time. 
Improvement  in  'general  ability  to  add'  means  a  compound 
of  changes  in  scales  (of  both  these  two  sorts)  for  adding 
one-place,  two-place  and  three-place  integral  numbers;  for 
adding  various  sorts  of  fractions;  for  adding  negative  num- 
bers; for  adding  algebraic  expressions  of  quantity;  and  so 
on.  Similarly,  the  description  of  a  man's  courage  may  be 
given  by  compounding  his  positions  on  scales  for  courage  in 
the  presence  of  storms;  courage  in  the  presence  of  human 
attack ;  courage  in  disease ;  and  so  on. 

Case  A  B.  Single-Scale  Efficiency  with  Change  of  Scale. — 
In  describing  certain  improvements  due  to  learning,  the  man 
is  thought  of  as  moving  up  on  one  scale  to  a  certain  point,  and 
then  as  moving  up  on  a  second  scale.  Any  position  above 
zero  on  the  second  scale  is  assumed  to  be  evidence  that  its 
holder  is  above  a  certain  position  on  the  other  scale.  For 
example,  accuracy  in  adding  columns  of  one-place  integral 
positive  numbers  would  commonly  not  be  measured  separately 
from  accuracy  in  adding  columns  of  two-place  numbers.  The 
person's  position  on  the  scale  for  the  first  would  not  be  com- 
pounded additively  with  his  position  on  the  scale  for  the  second. 
Rather  a  child's  improvement  would  be  measured  for  a  time 
by  the  scale  for  column  addition  of  one-place  numbers  alone; 
and  later  by  his  place  on  the  scale  for  column  addition  of  two- 
or  three-place  numbers  alone.  His  accuracy  in  the  latter  might 
be  taken  to  define  him  sufficiently  for  practical  purposes,  and 
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to  imply  theoretically  that  he  had  already  passed  a  certain 
point  on  the  other  scale.  Progress  in  arithmetical  abilities, 
as  commonly  interpreted,  offers  many  illustrations  of  such 
measurements  of  early  improvement  by  advance  in  position 
on  Scale  I,  and  of  later  improvement  by  advance  in  position 
on  Scale  II,  promotion  to  which,  as  it  were,  comes  only  after 
a  certain  efficiency  in  I  has  been  attained.  In  the  particular 
illustration  cited  and  in  almost  any  other  that  could  be  cited, 
there  are  alternative,  and  probably  better,  means  of  measuring 
the  fact.  But  theoretically  it  is  desirable  to  bear  in  mind  the 
arrangement  of  scales  in  a  series,  such  that  anything  above 
zero  in  the  second  scale  involves  at  least  a  certain  degree  of 
advancement  on  the  first,  and  such  that  progress  beyond  a 
certain  point  on  the  first  is  not  taken  account  of  by  itself,  the 
function's  efficiency  being  measured  thereafter  on  the  second 
scale. 

Case  C.  Multiple  Scale  Efficiencies  Including  Some  of 
Opposite  Sense. — Upon  analysis  the  fact  that  individual  A 
became  more  courageous  in  the  presence  of  human  attack 
would  be  found  to  involve  increased  amounts  of  the  things — 
elevation  of  the  chin,  directness  of  gaze,  steps  towards  the 
attacking  person,  clenched  fists  and  the  like;  and  decreased 
amounts  of  stooping  shoulders,  hidden  face,  protection  of  the 
body,  and  trembling.  The  compounding  whereby  the  esti- 
mate of  added  courage  at  human  attack  is  made  is  of  pluses 
of  certain  qualities  and  minuses  of  others. 

Cases  A,  B,  AB,  and  C  may  be  conveniently  symbolized  in 
memory  as  in  Figs,  io,  ii,  12  and  13. 

The  scheme  which  I  have  outlined  may  be  still  further 
simplified  by  reversing  the  sense  of  all  scales  where  high 
degrees  of  the  scale,  as  at  present  defined,  are  less  desirable 
than  low  degrees. 

It  is  clear  that  cases  A  and  B  may  be  considered  as  special 
cases  of  C,  B  being  the  limiting  case  of  C  where  all  the  scales 
are  of  like  sense,  and  A  being  the  limiting  case  of  B  where 
the  number  of  scales  is  one.     Cases  apparently  of  the  AB 


MENTAL    FUNCTIONS  7I 

type,  more  thoughtfully  examined,  are  found  to  be  also  of 
the  C  type.  The  function,  at  the  stage  where  it  is  commonly 
measured  by  Scale  I  alone,  is  better  reported  as  "I  =  k,  II  ==  o, 
III  =  o,"  the  future  possibilities  being  shown  by  the  inclusion 
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Figs.  10-13.  Cases  A,  B,  AT?  and  C.  Fig.  10  represents  a  single 
scale;  Fig.  B  represents  several  scales  of  like  sense  arranged 
"in  parallel ;".  Fig.  12  represents  several  scales  of  like  sense 
arranged  "in  series;"  Fig.  13  represents  four  scales,  two  of 
one   sense  and   tvi-o   of  the   opposite    sense. 


of  the  'II  =  o.  III  =  o'  in  the  measurement.  The  function 
at  the  stage  where  it  is  commonly  measured  by  Scale  III 
alone,  is  better  reported  with  respect  to  I  and  II  also.     The 
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reason  is  that  equal  amounts  of  III  do  not  necessarily  involve 
equal  amounts  of  I  and  II,  but  only  amounts  of  I  and  II 
greater  than  certain  limits. 

It  is  well  to  emphasize  the  fact  that  any  man's  condition 
in  any  mental  function,  if  it  is  describable  at  all,  is  dcscribable 
as  a  number,  N,  of  amounts  (a,  b,  c  .  .  .  n) — each  of  some 
one  sort  of  thing,  quality,  characteristic,  or  degree  v/hich 
varies  only  in  amount  or  degree;  or  as  some  compounding  of 
a,  b,  c  .  .  .  n. 

The  only  other  ways  in  which  it  could  be  described  are: 
( I )  by  the  mere  presence  or  absence  of  certain  things,  qualities, 
or  characteristics  which  did  not  vary  in  amount,  and  so,  it 
might  be  claimed,  had  no  corresponding  scales,  in  any  proper 
sense,  but  only  a  two-compartment  scale — presence  and  absence 
of  the  given  quality;  and  (2)  by  the  comparison  of  it  with 
some  known  condition  of  the  same  function  in  some  other 
creature,  or  of  some  different  function  or  functions  in  the 
same  or  another  creature. 

,  A  description  by  'presence  and  absence'  is  simply  the  limit- 
ing case  of  the  use  of  an  ordinary  scale  with  discrete  units. 
The  scale  'uninhabited  islands,  inhabited  islands'  would  be  all 
that  we  could  have  if  every  island  had  the  same  number  of 
inhabitants;  but  it  w^ould  be  a  true  scale,  and  would  appro- 
priately be  so  called.  As  a  ma:tter  of  fact  the  things  or 
qualities  or  characteristics  that  do  not  vary  in  amount  save 
from  zero  to  some  one  amount,  if  they  exist  at  all,  are  very, 
very  rare. 

Certain  conditions  of  mental  functions  do  seem  to  resist 
descriptions  of  type  C  by  comparison  with  ordinary  scales, 
but  permit  comparisons  with  concrete,  particular  conditions. 
Thus  the  generalship  of  a  Napoleon  is  easily  described  as 
equal  to  that  of  Alexander,  but  cannot,  at  least  not  readily. 
be  analyzed  into  a  number  of  positions  on  scales  for  'number 
of  countries  conquered,'  'amount  of  odds  overcome,'  and  the 
like.  So,  again,  to  describe  the  business  ability  of  a  certain 
man,   we  may   distrust   the   possibility   of  telling  his   ability 
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on  scales  of  amount,  and  simply  call  him  the  Napoleon  of 
finance.  More  simply,  we  rate  a  man's  mathematical  ability 
or  knowledge  of  chemistry  as  'the  greatest  in  the  world,' 
describe  the  effect  of  practice  upon  the  boy's  effectiveness  in 
public  speaking  as  having  changed  him  from  the  worst  to  tfie 
best  of  a  thousand,  or  identify  a  baby's  love  for  animals  as 
'about  average.' 

In  all  these  cases  what  is  really  done  is  to  refer  to  a 
description  of  type  C  that  already  exists,  or  to  postpone  such 
a  description,  or  to  use  a  substitute  for  convenience.  If 
the  comparison  of  Napoleon's  generalship  to  Alexander's  does 
identify  the  former  any  better,  it  is  because  Alexander's  gen- 
eralship has  been,  or  can  be,  described  in  terms  of  the  amounts 
of  some  measurable  characteristics,  or  helps  to  place  Napoleon's 
generalship  relatively  to  the  generalship  of  other  men.  This 
use  of  Alexander,  and  the  use  of  'the  best  of  a  thousand.' 
'worst  of  a  thousand,'  'average,'  'in  the  top  tenth,'  and  other 
measurements  by  relative  position  in  place  of  measurements 
in  units  of  amount,  is  a  convenient,  but  not  necessary,  evil. 
The  fact  is  not  that  the  condition  of  the  function  cannot  be 
expressed  as  a  series  of  amounts,  each  denoted  by  a  point  on  a 
scale,  but  that  we  now  do  not  know  enough,  or  do  not  take 
trouble  enough,  to  express  it  in  that  way.  There  is  no  object, 
process,  event,  or  relation  in  man's  nature  which  does  not  exist 
in  some  definable  amount.  Any  changes  therein  must  be 
a  change  in  the  amount  of  one  thing,  or  the  amounts  of 
many  things.  The  only  possible  change  may  be  from  zero 
to  some  one  amount;  the  change  may  be  so  complex  and  its 
elements  so  ill-known  that  we  cannot  now  define  it  in  terms 
of  them ;  but,  if  there  is  any  change,  it  will  in  the  end  he  found 
to  be  a  quantitative  change. 

Any  one  condition  of  a  mental  function  is  then  'better' 
or  more  efficient  than  another  by  having  more  or  less  of  certain 
specified  qualities  or  things  or  facts,  each  measurable  on  a 
scale  of  amount.  The  improvement  of  a  mental  function  means 
the  addition  and  subtraction  of  such  amounts.    From  the  point 
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of  view  of  efficiency  or  improvement,  the  addition  of  a  new 
mental  function  is  representable  as  the  change  from  zero  to 
some  defined  degree  of  efficiency  in  it.  From  the  point  of  view 
of  efficiency,  the  general  nature  of  a  function  is  described  by 
a  list  of  the  scales*  by  the  combined  use  of  which  any  con- 
dition of  it  is  measured ;  a  particular  condition  of  it  is  des- 
cribed by  stating  points  on  the  scales*  reached  by  that  particular 
condition  of  it. 

THE    MEASUREMENT    OF    EFFICIENCY 

Consider  now  some  common  cases  of  the  exact  description 
— that  is,  the  measurement — of  the  condition  and  changes  in 
condition  of  a  mental  function.  Such  are :  the  measurement 
of  ability  to  add  by  the  amount  done  and  errors  made  per  unit 
of  time;  the  measurement  of  ability  to  read  by  the  difficulty 
of  the  passage  that  can  be  read  in  a  given  time  with  a  given 
degree  of  understanding;  the  measurement  of  ability  to  mem- 
orize a  series  of  nonsense  syllables  by  the  number  of  series, 
or  X  syllables  eacli,  that  can  in  a  given  time  be  learned  so  as 
to  be  repeated  twice  without  error ;  or  inversely  by  the  time 
required  to  so  learn  a  series  of  x  syllables  each ;  the  measure- 
ment of  the  quality  of  handwriting,  (that  can  be  produced 
under  given  conditions),  by  comparison  with  some  such  scale 
as  that  printed  below  in  Figs.  14  to  20.  Such  a  list,  if  suf- 
ficiently prolonged,  would  suggest  certain  facts  about  the 
quantitative  treatment  of  the  efficiency  and  changes  in  efficiency 
of  mental  functions  which  our  discussicjn  has  so  far  neglected. 

The  first  is  that  the  distinction  made  above  between  single- 
scale  efficiencies  and  multiple-scale  efficiencies  is  often  ar- 
bitrary. Just  the  same  efficiency  can  often  be  measured  on 
a  single  scale  or  on  a  combination  of  many.  Suppose,  for 
example,  that  we  are  measuring  the  efficiency  of  'learning  a 
i2-syllable  nonsense  series,'  and  test  the  time  required  to 
learn  the  series  under  I,  and  the  series  under  Il.f     We  can 

*  Or  scale,  if  the  function  is  one  of  Single-Scale  Efficiency  as  in  Case  A. 
t  See  page  ^y  for  Series  I  and  II. 
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either  call  the  efficiency  a  multiple-  or  a  single-scale  efficiency, 
according  as  we  take  the  two  results  by  the  two  scales  and 


Fig.  15. 

Qtuility  5. 


Fig.  16. 

Quality  7. 


Fig.  14 

Quality  o. 


5. 

7. 
9. 

oiaiity^p.  -^  tA^kOcA  UeuL'fj-toY^  cj^ojjfxJ\^  pL,W^;t;"ti-*v^v»^itt- 

compound  them,  or  score  the  total  result  from  both  on  one 
scale.  Suppose  the  person  to  require  17  seconds  for  the 
former  and  19  seconds  for  the  latter.  It  is  for  most  purposes, 
immaterial  whether  we  report  him  as  '17  in  I,  19  in  II,'  or 
as  '18  in  the  average  of  I  and  II.' 

/ 
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11. 


Fig.  18. 

Quality   11. 


13. 

Quality  it.  i^^JiJlycL  .Irl/h.4y^^  -ifu.  Uo.^.aJx'I^^  O^-^voi^^t^  ^Ja/t  -^ 


Fig.  20. 
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15. 

I. 

rig  zeb  nok  wif  turn  lab  sig  zor  kel  mav 

11. 
baf  cix  zug  lep  fov  tod  mir  jmi  gam  des 

If  we  are  measuring  the  efficiency  of  column  addition  with 
one-place  numbers,  using  such  examples  as  are  printed  below, 
we  may  either  give  a  separate  score  of  amount  done  and 
errors  made,  or  may  from  the  start  define  efficiency  in  the 
function  as  the  total  number  of  examples  done  minus  2  (or 
3,  or  3/2 ,  or  any  other  chosen  number )  for  each  example  wrong. 
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The  second  is  that  the  efficiency  of  a  very  complex 
function,  whose  improvement  depends  upon  very  many  changes 
in  thousands  of  bonds,  may  nevertheless  be  fairly  adequately 
measured  on  a  very  few  scales  or  even  a  single  scale.  So, 
for  example,  the  elaborate  function  of  skill  at  typewriting 
is  scored  by  the  rate  of  errorless  writing;  skill  at  golf  is 
scored  by  the  number  of  strokes  required  to  complete  a  certain 
course;  knowledge  of  spelling  is  scored  by  the  degree  of 
success  in  spelling  a  hundred  well-selected  words.  Notable 
in  this  respect  are  certain  functions  whose  efficiency  is  de- 
liberately defined  as  tJw  score  iinuie  on  some  assigned  scale. 
This  is  a  common  practice  in  the  functions  which  athletic  and 
other  sports  test,  and  would  be  still  commoner  if  the  incite- 
ment and  variety  of  competition  with  another  player  were  not 
so  highly  valued  by  man. 

The  third  fact  is  that  in  describing  a  function's  efficiency 
we  intentionally  take  a  certain  limited  point  of  view,  and 
abstract  from  the  total  behavior  and  circumstances  which  the 
function  might  fairly  be  said  to  represent.  In  describing  or 
measuring  the  efficiency  of  John  Smith's  ability  to  type-write, 
we  are  very  far  from  wishing  to  tell  the  entire  condition  of 
John  Smith  during  the  time  that  he  type-writes,  or  the  entire 
condition  of  the  processes  in  him  that  might  fairly  be  said  to 
constitute  his  activity  in  the  type-writing.  Whether  he  is 
also  meditating  on  his  wrongs  or  composing  poetry,  whether 
his  reading  the  copy  is  a  translation  into  visual,  or  auditory, 
or  no,  images,  our  description  of  the  function's  efficiency  does 
not  pretend  to  tell.  Such  limitation  of  the  issue  and  ab- 
straction of  the  features  of  the  man's  behavior  to  be  described 
is,  of  course,  precisely  what  science  requires.  Just  as,  in  meas- 
uring the  volume  of  a  body,  we  neglect  its  texture,  color  and 
shape;  or  as,  in  measuring  the  energy  of  position  of  a  body  we 
neglect  its  volume — so,  in  measuring  the  efficiency  of  a  man's 
memory  for  nonsense  syllables  or  skill  in  telegraphy,  we  neglect 
his  position  on  all  scales  save  those  concerned  in  that  special 
efficiency  as  abstractly,  and  more  or  less  arbitrarily,  defined. 
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One  such  exclusion  is  of  very  great  importance — the  ex- 
clusion of  a  measurement  of  the  degree  of  interest  or  satis- 
fyingness  of  the  process  when  its  efficiency  is  being  reported. 
It  is,  for  example,  possible  that  a  function  may  show  no  im- 
provement in  the  sense  that  the  quantity  and  quality  of  the 
product  produced — the  sums  done,  movements  made,  copy 
transcribed,  or  the  like — remain  unaltered;  while,  nevertheless, 
the  work  becomes  much  more  satisfying,  requires  much  less 
effort,  leaves  the  person  much  more  willing  to  continue  it. 
On  the  other  hand,  it  is  possible  that  a  function  may  show  much 
improvement,  as  measured  by  the  quantity  and  quality  of  the 
product  produced ;  but  that  the  observed  change  may  be  wholly 
due  to  a  gain  in  satisfyingness  whereby  the  person  is  enabled 
to  reach  a  maximum  from  which  he  was  earlier  restrained 
by  discomforts  which  led  him  to  intermit  or  relax  his  work. 

The  product  produced  per  unit  of  time  is  a  result  of  two 
variables — the  connections  that  exist  and  the  satisfyingness 
of  their  exercise.  Common  sense  recognizes  these  two  factors 
under  the  terms,  capacity  and  interest,  or  ability  and  motive. 
They  correspond,  as  I  have  tried  to  show,  to  the  existence 
of  connections  between  conduction-units  and  the  readiness 
of  conduction-units  to  conduct.  They  always  co-operate;  and 
it  is  often  of  very  great  importance  to  analyze  out  their  separate 
contributions  to  the  function's  observed  gross  efficiency.  I 
shall  indeed  later  try  to  make  room  for  such  distinctions 
in  measurements  of  the  changes  in  mental  functions  due  to 
practice,  rest,  changes  in  bodily  health,  and  the  like.  But  the 
measurement  of  efficiency,  improvement  and  deterioration  by 
investigators  so  far  does  not  go  beyond  or  beneath  the  gross 
observed  efficiency;  and  in  reporting  their  investigations  I 
shall,  for  the  present,  hold  to  their  use  of  terms. 

The  converse  exclusion — of  the  quantity  and  quality  of 
the  product  produced  when  measuring  the  degree  of  an  in- 
terest or  liking  or  proclivity — is  not  of  special  importance.  To 
report  that  John's  enjoyment  at  hearing  music  has  doubled, 
without  adding  any  report  of  how  his  mere  ability  to  hear  the 
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sounds  and  their  sequences  correctly  has  changed,  would  rarely 
mislead;  for  it  would  be  understood  that  'doubled  enjoyment 
at  hearing  music'  was  not  intended  to  mean  'doubled  enjoyment 
at  hearing  the  same  music  with  the  sarhe  capacity  to  take  it 
in/  but  'doubled  enjoyment,  however  caused.' 

The  fourth  fact  to  notice  in  the  measurement  of  gain  and 
loss  in  efficiency  in  mental  functions  is  that  the  measurements 
are  so  often  in  terms  of  some  external  product  produced  by 
the  functions'  exercise.  Thus,  'memory  of  nonsense  syllables' 
is  measured  by  syllables  written  or  spoken ;  'discrimination 
of  length,'  by  the  size  of  lines  drawn,  or  by  the  percentage  of 
"Longer"  answers  in  a  certain  situation ;  'ability  to  add'  is 
measured  by  the  quantity  and  quality  of  the  computations 
set  down  or  orally  announced;  ability  to  telegraph,  by  the 
product  of  taps  produced  in  sending,  or  words  written  in 
receiving.  Graded  series  of  products  form  the  scales  whereby 
we  measure  the  different  degrees  of  efficiency  in  the  function. 

Even  when  men  do  not  definitely  have  in  mind  the  series 
of  products  or  features  of  products  by  whose  excellence  the 
degree  of  efficiency  in  the  function  is  measured,  such  a  series 
may  be  operative  in  thought.  It  is  probable,  for  example, 
that  statements  about  the  ability  to  draw — that  John  'improved 
much  in  it,'  that  Mary  'gained  still  more,'  that  Fred  'could 
hardly  draw  at  all'  two  years  ago,  but  now  possesses  'real  power 
as  an  artist,'  and  the  like — are  based  at  bottom  on  the  speaker's 
knowledge  of  some  such  series  of  products  as  is  shown  in 
Figs.  21  to  26. 

Such  graded  series  of  products,  forming  scales  whereby 
to  define  and  measure  human  functions,  are.  of  course,  them- 
selves very  ill-defined  and  un-standardized  compared  with  the 
graded  series  which  form  scales  whereby  to  define  and  measure 
purely  physical  functions  such  as  length,  weight,  heat,  intensity 
of  light,  electric  potential,  elasticity  and  the  like.  Series  for 
'interest  in  music'  'knowledge  of  German,'  or  'ability  as  a 
physician,'  still  are.  and  series  for  penmanship,  drawing  and 
English  composition   until   very   recently  were,   at  the  stage 
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Fig.  22. 


Fig.  25. 


Fig.  26 


Figs.  21   to  26  show  a  graded  series,   or  rough   scale,    for  the 
quality   or    merit   of   children's   drawings. 
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at  which  the  scales  for  temperature,  elasticity  or  intensity  of 
lig^ht  were  a  thousand  years  ago.  We  cannot  now  give  a 
precise  description  of  the  improvement  or  deterioration  of 
'interest  in  music'  for  the  same  reason  that  men  could  not 
precisely  describe  the  change  in  temperature  of  a  body  a 
thousand  years  ago.  These  inferior  graded  series  are,  how- 
ever, capable  of  great  improvement ;  and,  as  they  stand,  are 
often  the  best  means  of  describing  a  function's  condition  that 
we  have. 

In  the  studies  so  far  made  of  gain  and  loss  in  the 
efficiency  of  mental  functions,  the  graded  series  of  products 
used  as  a  scale  are  almost  always  series  of  varying  amounts 
and  varying  qualities  of  approximately  the  same  general  sort 
of  product.  For  example,  no  one  has  measured  practice  in 
arithmetic  by  how  Jiard  an  example  the  learner  could  just  do 
at  each  stage,  but  only  by  how  many  examples  of  the  same 
degree  of  difficulty  he  could  do  per  unit  of  time  and  by  how 
many  errors  he  made  in  doing  them. 

SUMMARY 

It  may  be  that  the  chief  product  produced  in  the  reader 
by  this  chapter  is  the  conviction  that  the  theory  of  describing 
a  mental  function  and  its  degree  of  efficiency  is  in  a  very 
confused  and  unsatisfactory  state.  Such  a  conviction  is 
justifiable.  Even  the  expert  in  psychology  or  education  does 
not  know  at  all  exactly  what  he  is  talking  about  when  he 
talks  of  mathematical  ability,  skill  in  drawing,  attentiveness, 
memory  for  figures,  interest  in  music,  and  the  like.  Nor  does 
he  know  any  too  well  how  to  find  out  what  he  is  talking 
about,  or  ought  to  be  talking  about.  Still  less  does  he  know 
what  he  means  when  he  says  that  John's  skill  in  drawing  has 
doubled,  or  that  Fred's  fell  off  ten  per  cent  in  the  course  of 
a  day's  work. 

But  a  re-reading  of  this  chapter  will,  I  venture  to  hope, 
g-ive  a  useful,  even  if  vague,  preparation  for  the  later  more 
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concrete  chapters  on  the  amount,  rate,  Hmits,  and  causes  of 
improvement  in  particular  mental  functions ;  and  also  bring 
into  clearer  relief  the  essential  general  facts  about  the  de- 
scription of  the  condition  of  any  mental  function  in  any  man 
at  any  time.     These  are : 

( 1 )  The  condition  of  a  mental  function  is  known  by  what- 
ever of  its  results  are  open  to  observation  by  any  competent 
student.  There  is  no  royal  introspective  road  to  knowledge 
of  a  mental  fjjjtx***^^*' 

(2)  A  mental  function  is  then  to  be  described  as  the 
existence,  or  possible  existence  under  certain  conditions,  of 
such  and  such  definable  tendencies  to  respond  to  such  and 
such  definable  situations. 

(3)  The  tendencies  which  it  comprises  may  be  few  or 
many ;  the  connections  between  the  situations  and  the  responses 
may  be  direct  or  involve  a  long  series  of  linkages;  the  be- 
havior observed  may  be  what  a  man  thinks  and  does,  or  what 
he  is  satisfied  and  annoyed  by. 

(4)  Ultimately  the  condition  of  a  mental  function  in 
any  man  may  be  described  as  such  and  such  bonds  and 
readinesses  of  conduction-units  in  the  brain,  but  present 
analysis  stops  far,  far  short  of  this  ideal  limit. 

(5)  Education  and  applied  psychology  generally  con- 
sider mental  functions  especially  under  the  concept  of  efficiency 
— as  improving  or  deteriorating.  They  then  should  describe 
a  function  as  a  number  N  of  amounts  (a,  b,  c  .  .  .  n)  each  of 
some  one  thing,  quality,  characteristic  or  feature,  which  varies 
only  in  amount  or  degree.  The  measures  of  two  or  more  of 
these  things,  qualities  or  features  may  be  compounded  into  a 
single  measure ;  as  we  compound  the  length,  breadth  and  thick- 
ness of  a  certain  solid  unit  into  its  volume,  or  compound  the 
woodland,  pasture,  tillage  land,  house,  barn  and  outbuildings 
of  a  farm  into  a  money  price,  their  efficiency  in  exchange. 

(6)  The  scale  by  which  the  amount  or  degree  of  one 
of  these  component  features  of  a  mental  function  is  measured 
is  very  often  a  graded  series  of  external  products  or  features 


84  THE    PSYCHOLOGY    OF    LEARNING 

of  products  produced  by  the  function's  activity.  Such  graded 
series  may  be  such  simple  affairs  as  o,  i,  2,  3,  4,  5,  6.  etc., 
millimeters  of  error  made  in  drawing  a  100  mm.  line;  or 
100,  loi,  102,  103,  etc.,  one-place  additions  done  correctly  in 
5  minutes  as  a  required  task.  They  may  be  such  complex 
affairs  as  a  series  of  specimens  of  novels  written,  pictures 
painted,  or  scientific  discoveries  made.  They  may  be  well 
defined  products  or  features  of  products,  or  they  may  be  such 
cnide,  indefinite  series  as,  'Very  little  knowledge  of  German, 
A  little  knowledge  of  German,  Excellent  knowledge  of  Ger- 
man,' or,  'An  intolerably  careless  drawing  of  a  100  mm,  line, 
A  very  careless  drawing  of  a  100  mm.  line,  A  fair  drawing 
of  a  100  mm.  line,  A  good  drawing  of  a  100  mm.  line.  An 
excellent  one,   A  superb  one.' 

(7)  Any  intelligible  statement  about  a  function's  efficiency 
is  then,  as  a  rule,  a  statement — defined  or  vague,  precise  or 
rough — about  some  score  or  combination  of  scores.  Any 
intelligible  argument  about  improvement  or  deterioration  in 
a  function  will,  as  a  rule,  present  evidence  of  a  change  in  some 
score  or  combination  of  scores.  The  meaning  of  the  statement 
and  the  value  of  the  evidence  will  depend  upon  the  meaning 
of  the  score — the  nature  of  the  scale. 


chapter  vi 

The  Improvement  of  Mental  Functions  by  Practice  : 
Sample   Studies 

This  chapter  and  the  six  which  follow  are  to  present  the 
facts  known  and  problems  pending  concerning  the  amount 
and  limits  of  improvement  of  mental  functions  with  practice, 
the  rate  of  improvement  and  any  changes  in  it  as  practice 
proceeds,  the  factors  which  constitute  the  improvement,  the 
circumstances  which  condition  it,  and  the  effect  which  the 
improvement  of  any  one  mental  function  has  upon  others. 
As  an  instructive  introduction  to  this  series  of  facts  and 
problems,  this  chapter  will  report  in  some  detail  two  typical 
investigations  of  the  improvement  of  mental  functions.  The 
first  is  Bryan  and  Harter's  study  of  learning,  to  'send'  and 
'receive,'  the  telegraphic  language.* 

IMPROVEMENT    IN    TELEGRAPHIC    SENDING    AND    RECEIVING 

Bryan  and  Harter's  study,  reported  in  print  in  'gy-'gg,  was 
the  first  extensive  quantitative  study  of  improvement  in  a 
mental  function,  and  remains  one  of  the  best.  I  shall  quote 
from  it  with ,  only  such  few  comments  as  are  necessary  to 
show  the  connection  when  the  quotations  are  discontinuous. 

/. 

The  Curz'es  of  Improvement  in  Receiving  and  Sending. 

"Throughout  the  year  of  exploration,  operators  were  ques- 

*  Psychological  Review,  Vol.  IV,  pp.  27-53  and  Vol.  VI,  pp.  345-375- 
I  am  indebted  to  the  authors  and  to  the  Review  for  permission  to  quote 
at  length  from  these  two  articles. 

8S 
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tioned  closely  with  regard  to  the  rate  of  improvement  with 
practice  at  various  periods.  Operators  generally  agreed  upon 
certain  main  facts.  Upon  the  basis  of  this  general  inquiry  and 
of  his  own  personal  experience  as  an  operator  and  a  teacher 
of  telegraphy,  H.  drew  the  curves  represented  in  Fig.  II., 
Plate  I.*  as  a  rough  picture  of  the  facts. 

In  further  verification  of  the  main  characteristics  of  these 
curves  over  two  hundred  operators,  ranging  in  skill  from  the 
most  expert  to  those  just  beginning,  have  been  questioned 
and  have  given  practically  unanimous  consent.  .  .  . 


0  4  8a 

Weeks  of  practice. 

Fig.    27.     Iniprovement    in    Telegraphy.     Individual    }'..    L.     After    Hryan    and    Ilarter 

L'97,   Plate  I,  8J. 

Arrangements  were  also  made  to  have  two  reputable  opera- 
tors, well  known  to  H.,  observe  and  test  the  progress  of  one 
student  in  each  of  their  offices,  from  the  time  of  beginning 
until  proficiency  was  reached.  These  results  are  given  in 
Figs.  VII.  and  VIII.,  Plate  I.  f 

Finally  H.  was  able,  during  the  winter  95-96,  to  test  the 
advancement  of  two  learners  from  the  beginning  until  they 
were  both  fair  operators.  Both  were  students  in  the  Western 
Union  Office  at  Brookville,  Indiana.  The  operator,  Mr. 
Balsley,  gave  every  assistance  in  his  power  to  make  the  in- 
vestigation successful.     Will  J.  Reynolds,  one  of  the  students, 

*  Not  represented  here. 

+  Only  one  of  these  is  presented  here.  Fig.  27. 
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is  eighteen  )^ears  old  and  is  a  young  man  of  more  than 
ordinary  abihty.  Edyth  L.  Balsley,  the  other  student,  is 
seventeen  years  old  and  is  a  very  bright  young  girl.  The 
former  began  in  August,  the  latter  in  September,  1895.  The 
tests  were  made  every  Saturday.  Forty  tests  w'ere  made  with 
the  young  man  and  thirty-six  with  the  young  woman. 

Ordinarily  telegraphic  speed  is  reckoned  in  terms  of  so 
many  words  per  minute.  For  these  tests,  however,  the  letters 
were  counted.  Of  course  sentences  were  used  in  each  test 
which  had  not  been  used  before.  Pains  were  taken  to  keep 
the  tests  of  uniform  difficulty.  On  the  one  hand,  many  short 
and  easy  combinations,  and  on  the  other  hand,  combinations 
representing  unusual  difficulty  from  a  telegraphic  point  of 
view  were  avoided.  Special  pains  were  also  taken  to  see  that 
the  amount  of  practice  from  week  to  week  was  substantially 
uni  form. 

The  sending  test  was  made  as  follows :  The  learner  was 
directed  to  write  as  fast  as  he  could  do  so,  legibly.  The 
observer  copied  the  words  as  sent  as  a  test  of  legibility. 
Some  two-minute  period  was  noted  by  the  observer,  unknown 
to  learner,  and  the  number  of  letters  sent  in  that  time  was 
afterward  counted.  Several  tests  were  taken  and  the  results 
averaged.  The  variation  in  the  several  tests  was  slight.*  The 
receiving  test  was  made  as  follows :  The  observer  would  try 
a  rate  of  sending  which  he  judged  would  correspond  to  the 
learner's  capacity.  The  learner  was  required  to  name  the 
letters,  later  on  the  words,  or,  when  he  had  more  skill,  to  copy 
without  naming  them.  If  he  failed  to  interpret  correctly 
at  that  rate,  a  slower  rate  was  tried.  If  he  succeeded,  a 
more  rapid  rate  was  tried.  A  two-minute  period  was  noted 
and  the  letters  were  counted  as  above. 

The  results  of  this  study  are  shown  in  Figs.  28  and  29.t 

*  The  M.  V.  [that  is,  the  average  deviation  of  the  separate  trials  from 
their  average]  ranged  from  .yj%  to  2.2)%  of  the  averages. 

t  It  is  beHeved  that  the  progress  of  the  learners  was  materially  hastened 
b}'  their  interest  in  the  tests.  They  were  forewarned  as  to  the  slowness  of 
progress  and  they  gave  special  attention  to  practice.  Both  are  now  (June 
i8g6)  able  to  transact  ordinary  business  on  the  main  line.  It  may  prove 
to  be  worth  while  for  certain  purposes  to  study  the  curves  of  improvement 
with  more  accurate  methods  and  apparatus,  but  there  can  be  no  doubt  that 
the  method  used  gives  a  highly  accurate  quantitative  picture  of  these 
curves. 
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Weeks  of  practice. 


Fig.  28. 


Improvement  in  Telegraphy.     Individual   E.   L.   B.     After  Bryan  and  Harter 
['97.  P-   49]- 


4  e 

Weeks  of  practice. 

Fig.  29.     Improvement  in  Telegraphy.     Individual  W.  J.  R.     After  Bryan  and  Harter 

i'97,  p.  49]-  "" 


Significance  of  the  practice  curves. — Certain  main  facts 
appear  in  all  the  foregoing  curves : 

1.  The  sending  curve  rises  more  rapidly  and  more  uni- 
formly than  does  the  receiving  curve  from  the  beginning  of 
practice  to  the  learner's  maximum  ability. 

2.  The  receiving  curve  rises  more  slowly  and  irregularly. 
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All  the  results  agree  in  showing  a  long,  flat  curve  for  several 
months  before  the  slowest  main-line  rate  is  reached;  and  all 
the  evidence  before  us  indicates  another  long  flat  curve  a  little 
above  the  rate  necessary  for  the  transaction  of  ordinary  office 
business,  in  the  case  of  operators  to  whom  that  amount  of 
skill  in  receiving  is  sufficient.  A  study  of  the  quantitative 
results  shown  in  Figs.  28  and  29  shows  that  there  are  many 
short  flat  places  in  the  receiving  curve  followed  by  relatively 
rapid  improvement. 

3.  Two  of  the  curves  show  a  fact  which  usually  appears 
at  a  period  of  the  learner's  development  later  than  that  shown 
in  these  curves,  namely,  that  the  receiving  rate  finally  exceeds 
the  sending  rate.  This  is  almost  the  universal  rule.  A  re- 
ceiving operator  with  a  typewriter  can  practically  take  his  ease 
in  taking  the  most  rapid  press  w^ork. 

4.  In  considering  the  reasons  for  the  remarkable  differ- 
ences between  the  receiving  and  sending  curves,  the  following 
points  may  be  noticed:  (a)  The  language  which  comes  to  the 
ear  of  the  learner  seems  to  him  far  more  complex  than  the 
language  which  he  has  to  write.  When  he  wishes  to  write 
the  letter  e,  he  must  have  in  mind  only  the  making  of  one 
quick  snap  with  his  hand.  When  he  hears  the  letter  e,  he 
hears  two  sounds,  the  down  stroke  and  the  back  stroke,  and 
must  take  note  of  the  time  between  them  to  distinguish  the 
dot  from  the  dash.  If  we  take  the  more  difficult  combinations, 
as  k  ( — . — ),  or  y  ( — . — . ),  the  greater  complexity  of  the 
sound  picture  with  its  irregularly  occurring  back  stroke  is 
sufficiently  evident,  (b)  The  opportunity  for  practicing  re- 
ceiving at  slow  rates  is  evidently  far  less  than  for  sending  at 
such  rates.  It  is  always  possible  for  the  learner  to  do  his  slow 
best  at  sending,  but  he  must  depend  upon  others  for  a  chance 
to  receive  at  a  rate  within  his  capacity.  It  is  of  course  true 
that  he  hears  all  that  he  himself  sends,  but  it  is  a  significant 
fact  that  the  hearing  of  his  own  writing  does  not  improve  his 
power  to  receive  in  anything  like  the  same  degree  that  the 
hearing  of  other  operators'  writing  does.  As  the  curves  show, 
young  operators  can,  at  a  certain  period,  send  with  fair  rapidity 
for  a  long  period  during  which  they  cannot  understand  a 
single  sentence  on  the  main  line,  (c)  A  further  significant 
fact  is  that  learners  enjoy  the  practice  of  sending,  but  feel 
practice  in  receiving  to  be  painful  and  fatiguing  drudgery. 
For  this  reason  they  naturally  incline  to  practice  sending  a 
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great  deal,  but  must  summon  up  all  their  resolution  to  keep 
up  the  necessary  practice  in  receiving,  (d)  A  fact  which 
seems  to  be  liighly  significant  is  that  years  of  daily  practice 
in  receiving  at  ordinary  rates  will  not  bring  a  man  to  his 
own  maximum  ability  to  receive.  The  proof  of  this  fact  is 
that  men  whose  receiving  curve  has  been  upon  a  level  for 
years  frequently  rise  to  a  far  higher  rate  when  forced  to  do 
so  in  order  to  secure  and  hold  a  position  requiring  the  higher 
skill.  That  daily  practice  in  receiving  will  not  assure  im- 
provement is  further  seen  in  the  fact  that  in  many  cases  inferior 
operators  after  being  tolerated  for  years  are  finally  dropped 
because  they  do  not  get  far  enough  above  the  dead  line,  (e) 
One  conclusion  seems  to  stand  out  from  all  these  facts  more 
clearly  than  anything  else,  namely,  that  in  learning  to  interpret 
the  telegraphic  language,  //  is  intense  effort  whieJi  educates. 
This  seems  to  be  true  throughout  the  whole  length  of  the 
curve.  Every  step  in  advance  seems  to  cost  as  much  as  the 
former.  Indeed,  each  new  step  seems  to  cost  more  than  the 
former.  Inquiry  at  the  telegraph  schools  and  among  opera- 
tors indicates  that  between  sixty  and  seventy-five  per  cent 
of  those  who  begin  the  study  of  telegraphy  become  discouraged 
upon  the  plateau  of  the  curve  just  below  the  main-line  rate. 
As  a  rule,  ordinary  operators  will  not  make  the  painful  effort 
necessary  to  become  experts.  Facts  of  an  analogous  character 
will  be  recalled  from  other  fields. 

The  physiological,  psychological  and  pedagogical  implica- 
tions of  this  conclusion  are  manifestly  important.  If  in  our 
educational  methods  in  the  past,  we  have  often  made  the  pace 
that  kills,  there  is  possibly  the  danger  on  the  other  hand  that 
we  shall  make  school  work  all  play,  and  so  eliminate  the  intense 
effort  which  is  necessary  for  progress. 

5.  The  sending  curve  conforms  approximately  to  the  well- 
known  typical  practice  curve  with  the  important  difference 
from  the  curves  usually  obtained  in  the  laboratory  that  it 
extends  over  a  much  greater  period  of  time.  This  difference 
characterizes  the  whole  curve.  If  we  represent  the  practice 
curve  by  the  general  equation 

y  =  fM 

it  is  evident  that  the  function  of  .r  contains  a  constant  which 
depends  upon  the  unit  of  time.  So,  for  example,  the  curve 
given  in  the  figure  would  present  exactly  the  same  appearance 
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if  the  same  results  had  been  obtained  in  forty  successive  hours 
or  forty  successive  years.  Comparison  of  different  practice 
curves  shows  that  this  time  factor  varies  greatly  in  the  develoj>- 
ment  of  different  abilities.  A  comparative  study  of  this  charac- 
teristic of  various  practice  curves  would  have  evident  theoreti- 
cal and  practical  values.  .  .  .  [Here  follows  in  the  original 
a  brief  disaission  of  the  significance  of  the  form  of  the  curves, 
which   is   more   fully   developed    in   the    further   quotations.] 

Data  Old  and  New. 

In  a  former  series  of  studies*  on  the  physiology  and 
psychology  of  the  telegraphic  language  the  authors  gave  the 
curves  of  improvement  in  sending  and  receiving.  These  curves 
were  determined  by  the  records  of  individuals  tested  each  week, 
from  the  beginning  of  practice  until  fair  proficiency  was 
reached,  and  were  confirmed  by  a  consensus  of  opinion  from 
about  two  hundred  operators.  .   .  . 

The  salient  feature  of  the  pictures  shown  in  Figs.  II.  to 
X.  [only  three  are  reproduced  here  in  Figs.  27,  28  and  29] 
is  the  difference  between  the  two  curves.  The  sending  curve 
has  a  form  made  familiar  by  many  published  practice  curves. 
The  receiving  curve  has  for  several  months  a  similar  form, 
but  suddenly  rises  into  what  looks  like  a  second  practice 
curve.  Moreover  the  history  of  expert  telegraphers  shows 
that  after  some  years  the  receiving  curve  may  ascend  rapidly 
a  third  time. 

Interest  in  the  novel  form  of  this  curve  deepens  as  evidence 
appears  to  show  that  it  represents,  in  general,  the  course  of 
improvement  in  various  other  acquisitions,  e.  g.,  the  learning 
of  a  foreign  language,  of  chemistry,  of  English  composition, 
etc.  Interest  is  further  challenged  by  the  difficulty  of  ex- 
plaining the  form  of  the  curve.  In  the  former  paper  the 
authors  proposed  no  explanation.  None  of  our  reviewers, 
nor  of  the  psychologists  with  whom  we  have  conversed,  has 
given  us  a  hint  as  to  its  meaning. 

To  investigate  the  problem  further  the  following  experi- 
ment was  devised.     A  student  should  be  tested  each  week  on 

(a)  rate  of  receiving  letters   not  making  words, 

(b)  rate  of  receiving  letters  making  words,  the  words  not 
making  sentences, 

*[That  from  which  the  previous  quotation  was  taken.] 
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(c)  rate  of  receiving  letters  making  words,  the  words  mak- 
ing sentences. 

These  tests  were  made  in  the  winter  of  1896-1897.  The 
subject  was  John  Shaw,  of  Brookville,  Indiana,  who  had  be- 
gun the  study  of  telegraphy  about  six  weeks  l>efore  the  making 
of  the  first  test,  October  24,  1896.  .  .  .  The  test  was  made 
each  week  until  May  9.  One  test  day,  December  26,  was 
missed.     The  results  are  given  in  Fig.  30. 
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Fig.   30.     Improvement   in  Telegraphy  Analyzed.     Individual   J.    S.     After   Bryan   and 

Harter   ['99,   p.   350]. 

Before  discussing  these  results  we  subjoin  evidence  relating 
thereto  derived  from  the  introspections  and  observations  of 
telegraphers.  As  hitherto  noted  .  .  .  one  of  the  authors 
(H.)  was  for  years  a  telegrapher.  To  supplement  his  ex- 
perience we  have  held  long  and  satisfactory  conversations 
with  operators  of  every  grade  up  to  the  most  expert  men  in 
the  country.  We  have  asked  telegraphers  three  principal  ques- 
tions : 

A.  To  what  is  attention  mainly  directed  at  different  stages 
of  progress? 

The  answers  agreed  entirely,  and  were  as  follows :  (a) 
At  the  outset  one  'hustles  for  the  letters.'  (b)  Later  one  is 
'after  words.'    (c)  The  fair  operator  is  not  held  so  closely  to 
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words.  He  can  take  in  several  words  at  a  mouthful,  a  phrase 
or  even  a  short  sentence,  (d)  The  real  expert  has  all  the 
details  of  the  language  with  such  automatic  perfection  that 
he  gives  them  practically  no  attention  at  all.  He  can  give  his 
attention  freely  to  the  sense  of  the  message,  or,  if  the  message 
is  sent  accurately  and  distinctly,  he  can  transcribe  it  upon  the 
typewriter  while  his  mind  is  running  upon  things  wholly  apart. 
The  feat  of  the  expert  receiver — for  example  of  the  re- 
ceiver of  press  despatches — is  more  remarkable  than  is 
generally  supposed.  The  receiver  has  two  advantages  over 
the  sender.  He  can  receive  mentally  far  faster  than  any  one 
can  send ;  and  with  the  typewriter  he  can  transcribe  much 
faster  than  any  one  can  send.  To  bring  the  sender's  rate  up 
to  that  of  the  receiver  abbreviated  codes  have  been  prepared. 
The  receiver  must  translate  the  code  into  English  words, 
and  transcribe  these,  correctly  capitalized  and  punctuated,  upon 
the  typewriter.  He  takes,  in  this  way,  eighty  or  eighty-five 
words  a  minute.  .   .  . 

B.  How  far  can  one  'copy  behind'  in  different  stages  of 
his  progress  f 

It  should  be  explained  that  receiving  is  practically  always 
'copying  behind.'  That  is,  one  does  not,  or  should  not,  an- 
ticipate from  part  of  a  group  of  clicks  what  the  rest  will  be ; 
for  if  one  guesses  wrong,  confusion  of  mind  and  error  are 
likely  to  follow.  Beginners  are  prone  to  guess  ahead,  and 
must  acquire  the  habit  of  not  doing  so.  Experts  learn  to 
wait.  One  expert  said,  "It  is  more  natural  to  read  back." 
He  was  asked  if  'reading  back'  was  like  counting  the  strokes 
of  a  clock  just  after  it  is  done  striking.     He  replied,  'Precisely.' 

The  answers  to  the  second  question  were  also  concurrent, 
(a)  The  beginner  must  take  each  letter  as  it  comes,  i.  e.,  he 
can  copy  behind  one  letter,  (b)  Later  he  can  wait  for  words. 
(c)  A  fair  operator  can  copy  behind  several  words  in  con- 
nected discourse,  (d)  The  expert  prefers  to  keep  six  to  ten 
or  twelve  words  behind  the  instrument.  .  .   . 

C.  What  happens  when  yon  have  to  receive  the  discon- 
nected words  of  a  strange  code  or  list  of  Hgiires,  such  as  hank 
clearings  or  the  like? 

The  universal  experience  of  operators  upon  this  point 
was  expressed  by  one  expert  thus :  "When  I  get  a  word  in- 
dicating that  a  list  of  figures  is  to  follow,  I  sweat  blood  until 
I  can  catch  up."     He  said  he  could  wait  for  six  figures  if 
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they  were  in  groups  of  three  separated  by  a  comma,  but  if 
the  figures  were  isolated,  he  would  want  to  be  not  more  than 
three  or  four  behind.  In  a  word,  he  could  hold  in  mind  forty 
to  sixty  or  more  of  the  elementary  groups  of  the  Morse  Code, 
if  these  'made  sense,'  but  only  three  or  four,  if  wholly  dis- 
connected. 

///. 
Conclusions. 

The  immediate  conclusions  from  the  foregoing  data  will 
be  given  first;  later  (under  IV.),  an  interpretation  and  dis- 
cussion of  these  conclusions  in  connection  with  related 
literature. 

I.     A  Hierarchy  of  Habits. 

One  might  perhaps  suppose  that  receiving  telegraphic 
messages  is  simply  transliteration  or,  at  most,  transverbali- 
zation  from  the  code  into  the  mother  tongue.  The  operators 
reject  this  view.  The  evidence  before  us  proves  that  they  are 
right  in  doing  so.  Neither  the  letter  curve  nor  the  word  curve 
nor  both  together,  account  for  the  receiving  curve  except  for 
a  short  period  (see  Fig.  30).  Most  plainly,  the  letter  and 
word  curves  fail  to  account  for  the  receiving  curve  where 
it  rises  rapidly  from  the  plateau,  while  they  continue  their 
slight  ascent.  From  an  early  stage  some  curve  or  curves 
associated  with  combination  of  words  in  connected  discourse 
must  coalesce  with  the  letter  and  word  curves  to  give  as  a 
resultant  the  receiving  curve.  At  the  period  when  the  re- 
sultant curve  is  rising  rapidly,  while  the  letter  and  word  curve 
are  rising  slowly,  the  higher  constituent  curve  (or  curves) 
must  be  rising  rapidly. 

What  does  this  higher  constituent  curve  represent  in  the 
learner?  Certainly  not  merely  nor  mainly  increased  familiarity 
with  the  meaning,  structure  or  logical  connection  of  sentences 
in  the  mother  tongiie.  When,  for  example,  the  learner  has 
rapidly  shot  up  from  a  rate  of  eighteen  to  a  rate  of  twenty- 
five  words  per  minute,  no  one  can  believe  that  he  has  made 
this  gain  because  of  a  sudden  and  enormous  gain  in  know- 
ledge of  the  language  he  has  used  all  his  life.  All  the  facts 
point  to  the  conclusion  that  the  telegrapher  must  acquire, 
besides  letter,  syllable,  and  word  habits,  an  array  of  higher 
language  habits,  associated  with  the  combination  of  words 
in  connected  discourse.     Mastery  of  the  telegraphic  language 
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involves  mastery  of  the  habits  of  all  orders.  In  a  word, 
learning  to  receive  the  telegraphic  language  consists  in  ac- 
quiring a  hierarchy  of  psycho-physical  habits.  .  .  . 

A  man  is  organized  in  spots — or  rather  in  some  spots  far 
more  than  in  others.  This  is  true  structurally  and  functionally. 
It  is  strikingly  true  of  the  various  sense  organs  and  their 
functions.  No  less  of  the  various  parts  of  the  central  nervous 
system  and  their  functions.  A  man  has  some  habits  which 
are  sporadic  and  isolated,  some  which  are  bunched  together 
in  loose  groups  (such  as  the  outlay  of  skills  which  make  one 
a  carpenter),  and  then,  some  habits  which  are  knit  together 
into  a  hierarchy. 

A  hierarchy  of  habits  may  be  described  in  this  way : 
( I )  There  is  a  certain  number  of  habits  which  are  elementary 
constituents  of  all  the  other  habits  within  the  hierarchy.  (2) 
There  are  habits  of  a  higher  order  which,  embracing  the 
lower  as  elements,  are  themselves  in  turn  elements  of  higher 
habits,  and  so  on.  (3)  A  habit  of  any  order,  when  thoroughly 
acquired,  has  physiological  and,  if  conscious,  psychological 
unity.  The  habits  of  lower  order  which  are  its  elements  tend 
to  lose  themselves  in  it,  and  it  tends  to  lose  itself  in  habits  of 
higher  order  when  it  appears  as  an  element  therein.* 

2.     The  Order  of  Learning  the  Habits  of  the 
Telegraphic  Language. 

The  synchronous  curves  of  Fig.  30  and  the  experience  of 
operators  agree  in  showing  that  from  an  early  period  letter, 
word  and  higher  habits  make  gains  (a)  simultaneously,  but 
(b)  not  equally. 

(a)  The  simultaneity  in  these  gains  is  shown  in  Fig.  30 
by  the  fact  that  from  the  point  where  the  curves  diverge,  each 
continues  to  rise.  This  is  perhaps  to  be  explained  by  the  fact 
that  from  an  early  stage  the  learner  practises  with  sentences, 
taking  them  as  slowly  as  necessary.  In  this  way  there  is 
incidental  practice  of  every  language  unit  and  of  every 
language  unit  in  its  proper  setting. 

(b)  The  curves  of  Fig.  30  show  also,  however,  that  for 
many  months  the  chief  gain  is  in  the  letter  and  word  habits, 
that  the  rate  of  receiving  sentences  is,  in  this  period,  mainly 

*  T'he  last  two  paragraphs  are  inserted  here  out  of  their  order  in  the 
oris:inal. 
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determined  by  the  rate  of  receiving  letters  and  words,  and  that 
rapid  gain  in  the  higher  language  habits  does  not  begin  until 
letter  and  word  habits  are  well  fixed.  This  objective  result 
is  supported  by  the  introspective  evidence  of  operators.  In 
the  first  days  one  is  forced  to  attend  to  letters.  In  the  first 
months  one  is  forced  to  attend  to  words.  If  the  learner  essays 
a  freedom  for  which  he  is  unfit,  suddenly  a  letter  or  word 
which  is  unfamiliar  explodes  in  his  ears  and  leaves  him 
wrecked.  He  has  no  useful  freedom  for  higher  language  units 
which  he  has  not  earned  by  making  the  lower  ones  automatic. 
The  rank  and  file  of  operators  are  slaves  to  the  machinery  of  the 
telegraphic  language.  They  must  copy  close.  They  cannot 
attend  much  to  the  sense  of  the  message  as  it  comes,  but  must 
get  its  form,  and  re-read  for  the  sense.  Only  when  all  the 
necessary  habits,  high  and  low,  have  become  automatic,  does 
one  rise  into  the   freedom  and  speed  of  the  expert. 

3.     The  Plateaus. 

We  are  now  prepared  to  offer  an  explanation  for  the 
salient  peculiarity  of  the  receiving  curve — its  plateaus. 

A  plateau  in  the  curz'e  means  that  the  lower-order  habits 
are  approaching  their  maxinuun  development,  but  are  not  yet 
sufficiently  automatic  to  leave  the  attention  free  to  attack  the 
higher-order  habits.  The  length  of  the  plateau  is  a  measure 
of  the  difficulty  of  making  the  lower-order  habits  sufficiently 
automatic. 

(a)  The  first  ascent.  No  plateau  appears  between  the 
learning  of  letters  and  of  words,  because  very  soon  these  are 
learned  simultaneously.  However,  as  the  letters  are  few,  one 
is  each  week  able  to  give  more  complete  attention  to  the 
mastery  of  syllables  and  words  as  wholes.  This  perhaps  ac- 
counts, in  part,  for  the  rapid  progress  of  the  first  weeks. 

(b)  The  first  plateau.  For  several  months  the  learner  is 
compelled  to  attend  almost  exclusively  to  words.  The  number 
of  words  which  he  has  to  learn  in  order  to  receive  whatever 
messages  come,  is  great.  The  average  amount  of  practice 
which  each  word  receives  is  therefore  small,  and  the  increase 
in  the  average  rate  of  receiving  correspondingly  slow.  This 
very  slow  increase  of  rate  we  have  called  a  plateau.  It  con- 
tinues until  the  learner  has  the  necessary  vocabulary  so  well 
learned  that  he  can  have  his  attention  free  for  something  else. 

Another  retarding  influence  during  this  period  is  doubtless 
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the  learner's  slight  hold  upon  the  higher  language  habits.  The 
importance  of  this  retarding  influence  in  comparison  with 
that  of  an  imperfect  vocabulary,  can  not  be  determined  without 
additional  investigation. 

(c)  The  second  ascent  represents  the  acquisition  of  a  new 
set  of  language  habits.  This  is  a  priori  probable  from  the  con- 
sideration that  in  practice  curves  generally  rapid  progress 
appears  when  the  developing  function  is  in  an  early  stage. 
We  are  not,  however,  left  with  a  probability.  While  the 
receiving  curve  is  rising  rapidly,  the  synchronous  word  and 
letter  curves  are  continuing  their  ascent  slowly.  We,  there- 
fore know  that  the  learner  is  gaining  speed  by  taking  in  some 
way  increasing  advantage  of  word  combinations.  Part  of 
the  reason  why  he  improves  so  fast  is,  doubtless,  that  he  has 
already  been  unconsciously  habituciled  for  certain  phrases 
and  forms  of  word  combination  in  the  period  when  he  was 
attending  mainly  to  words.  It  may  he  that  the  rapid  ascent  of 
any  practice  ciin'c  represents  mainly  a  quick  reali:zation  of 
powers  potentially  present  by  reason  of  preceding  gradual  and 
unconscious  habituation.  With  the  increased  ability  in  taking 
sentences  there  comes,  without  doubt,  increased  ability  to  take 
isolated  words  and  letters;  but,  as  one  improves,  the  three 
curves  diverge  more  and  more.  This  means  that  skill  depends 
more  and  more  upon  the  acquisition  of  higher  language  habits. 

(d)  Only  the  first  few  months  of  the  period  during  which 
one  is  a  practical  operator,  but  not  an  expert,  have  been 
investigated  experimentally.  Our  knowledge  of  this  period 
rests  mainly  upon  the  testimony  of  operators.  Men  of  this 
rank,  of  course,  vary  widely  in  skill  and  in  rate  of  improve- 
ment. There  is,  however,  one  essential  point  in  which 
operators  who  are  not  experts  are  more  or  less  alike.  They 
are  all,  in  some  degree,  tied  to  the  mechanism  of  the  language. 
They  cannot  copy  far  behind.  The  mind  must  not  wander 
far  from  the  incoming  stream  of  words,  even  to  dwell  upon 
the  sense  of  the  words.  Few  operators  ever  obtain  complete 
freedom  in  the  telegraphic  language.  These  few  must  earn 
their  freedom  by  many  years  of  hard  apprenticeship.  Our 
evidence  is  that  it  requires  ten  years  to  make  a  thoroughly 
seasoned  press  despatcher. 

(e)  The  final  ascent.  The  testimony  of  experts  is  that 
the  ascent  from  drudgery  into  freedom  is  as  sudden  as  was 
the  ascent  from  the  first  plateau. 

7 
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Note  on  the  Sending  Curve. 

Why  does  the  sending  curve  have  no  such  succession  of 
plateau  and  ascent  as  appears  in  the  receiving  curve? 

There  is  no  plateau  in  the  sending  curve  in  the  earlier 
part  of  its  course,  because,  as  in  the  early  part  of  the  re- 
ceiving curve,  the  various  habits  involved  are  acquired 
simultaneously  (compare  page  92),  and  there  is  no  sharp 
ascent  later,  even  when  one  becomes  an  expert,  because  such 
an  ascent  is  mechanically  impossible.  At  all  stages  one  has 
in  mind  plenty  of  words  ready  to  be  sent  as  fast  as  the  motor 
habits  will  permit.  At  first  one  is  learning  motor  letter  habits. 
Soon,  however,  also  motor  word  habits.  The  sending  curve 
rises  accordingly  in  a  fashion  analogous  to  that  of  the 
receiving  curve  in  its  early  stage.  By  and  by,  however,  a 
mechanical  limit  is  reached.  Sending  is,  at  the  best,  a  slow 
business.  A  letter  or  digit  requires  from  one  to  six  strokes. 
Spaces  of  various  length  must  be  allowed  for.  One  cannot 
utilize  both  hands  and  several  fingers,  as  with  a  typewriter. 
So,  at  less  than  fifty  words  a  minute,  a  maximum  has  been 
reached  that  cannot  be  surpassed. 

4.     Effective  Speed  and  Accuracy. 

(a)  Effective  Speed. 

It  has  long  been  known  that  connected  words  can  be  read 
faster  than  disconnected,  and  letters  combined  in  words 
faster  than  disconnected  letters.  The  facts  upon  this  point, 
old  and  new,  justify,  we  believe,  the  following  conclusion : 
Effective  speed  depends,  in  a  relatively  small  degree,  upon  the 
rate  at  which  the  processes  dominant  in  consciousness  occur; 
in  a  relatively  great  degree,  upon  how  much  is  included  in 
each  of  those  processes.  .  .  . 

(b)  Effective  Speed  and  Accuracy. 

The  gain  in  speed  made  possible  by  adding  mastery  of 
the  higher  language  habits  to  mastery  of  the  lower,  does  not 
lead  to  less,  but  to  greater  accuracy  in  detail.  We  have  found 
invariably  that  many  more  mistakes  are  made  in  receiving 
disconnected  letters  than  in  receiving,  at  a  much  more  rapid 
rate,  letters  that  form  words;  and  that,  in  turn,  many  more 
mistakes  are  made  in  receiving  disconnected  words  than  in 
receiving,  at  a  still  rapider  rate,  connected  discourse.  The 
practical   experience  of   the  telegraph   companies   proves   the 
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same.  Although  mastery  of  the  higher  order  habits  thus 
helps  the  receiver  to  accuracy  in  details,  it  cannot  supply  his 
ignorance  of  details.  If  a  word  not  in  his  vocabulary  comes 
as  part  of  a  dispatch,  he  is  very  likely  to  get  it  wrong.  If 
he  is  often  found  making  errors  of  this  sort,  it  is  proof  that 
he  needs  a  more  extensive  and  accurate  telegraphic  vocabulary. 
Such  a  man  is  tr}ang  to  receive  faster  than  he  can.  He  is 
trying  to  gain  speed  at  the  expense  of  accuracy.  This  is 
not  effective  speed,  as  his  superiors  will  quickly  let  him  dis- 
cover. .  .  . 

[There  follow  in  the  original  added  and  very  valuable 
discussions  of  the  psychology  of  organizations  of  habits,  the 
order  of  formation  of  habits  in  such  hierarchies,  the  plateaus 
and  the  matter  of  effective  speed  and  accuracy.  Of  these 
only  the  third  is  quoted  here.] 

IV. 

Discussion. 
3.     Plateaus. 

Wide  variation  and  sudden  changes  in  rate  of  progress 
are  not  peculiar  to  the  learning  of  telegraph3\  In  general, 
it  is  indeed  a  priori  highly  impossible  that  the  rate  of  change  in 
any  process  will  be  constant.  For  such  constancy  requires 
an  extremely  improbable  constancy  in  the  many  factors  which 
unite  in  determining  the  rate.  As  these  factors  increase  in 
number  and  complexity,  the  less  likely  they  are  to  effect  a 
constant  rate.  Modern  evolutionary  science  has  emphasized 
the  facts  which  indicate  that  changes  in  nature  are  regular  and 
gradual.  Nahira  saltum  nan  facit.  It  is,  however,  now  well- 
known  that  nature  does  make  leaps.  It  may  even  be  that 
saltatory  change  is  the  rule.  The  recapitulation  theory  invites 
us  to  picture  the  history  of  each  individual  as  a  series  of  steps 
corresponding  to  the  stages  in  animals  and  racial  evolution. 
No  one  has  made  out  an  accurate  time  table  for  all  these  steps 
(or  even  ascertained  exactly  what  the  steps  are).  But  no 
one  would  claim  that  the  rate  of  progress  through  them  is 
uniform.  The  development  of  the  body  and  the  mind  both 
show  'resting  periods'  alternating  with  periods  of  rapid  change. 
We  'perch  and  fly.'  We  live  for  months  or  years  upon  a 
certain  level  of  interests,  efforts  and  achievements,  and  then 
suddenly  undergo  a  more  or  less  radical  conversion.    All  things 
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are  become  new.  The  old  life  sinks  into  the  vast  subsoil  upon 
whose  surface,  for  a  season,  bloom  new  forms  of  the  life 
of  attention. 

'  The  well-known  examples  of  rapid  change  are,  of  course, 
not  cited  as  specifically  analogous  to  the  plateaus  and  ascents 
of  the  telegraphic  curve,  but  only  to  show  that  such  alter- 
nations of  camping  out  and  moving  ahead  are  not  excei)tional 
or  abnormal.  For  specific  analogies  we  must  look  to  the 
history  of  analogous  acquisitions.  In  this  promising  field 
for  research  nearly  everything  remains  to  be  done.  Pre- 
liminary inquiry  has  developed  the  following  provisional 
results. 

(a)  Languages.  As  hitherto  noted,  in  learning  to  read 
(first  year  primary),  and  in  learning  a  foreign  language, 
one's  progress  is  analogous  to  that  of  the  student  of  telegraphy. 
In  the  latter  case,  especially,  there  is  the  same  rapid  improve- 
ment at  first,  the  same  dispiriting  level  just  below  the  ability 
to  understand  ordinary  conversation,  the  same  rapid  ascent 
into  usable  knowledge  of  the  language,  and  the  same  year- 
long struggle,  seldom  completed,  before  one  has  freedom  in 
the  language. 

(b)  English  Composition.  In  the  Indiana  University,  we 
have  each  year  several  hundred  students  in  conditioned  English 
Composition.  All  entering  students  are  tested  as  to  their 
ability  to  write  printable  English.  Those  who  cannot  do  so 
are  required  to  take  the  conditioned  English  until  they  can 
meet  the  test.  A  student  may  pass  out  of  this  work  at  any 
time.  The  heaviness  of  the  work,  the  discredit  of  having 
to  take  it,  and  the  special  fee  required,  make  the  motives  for 
getting  through  very  strong.  The  instructors  in  this  work 
tell  us  that  the  progress  of  most  students  is  pictured  in  a 
general  way  by  the  receiving  curve.  A  few  students  pass  out 
of  the  work  very  soon.  This  generally  indicates  that  they 
failed  to  do  themselves  justice  in  the  first  test.  In  most  cases, 
there  is  rapid  progress  nearly  up  to  the  passing  level,  and 
then  a  long  plateau  above  which  the  student  seems  incapable 
of  rising.  In  some  cases,  where  students  were  expected  by 
the  instructor  to  pass  in  a  few  weeks,  they  have  kept  drudging 
away  for  the  rest  of  the  year  with  slight  improvement.  Doubt- 
less, in  these  cases,  the  interference  of  established  language 
habits  is  an  important  factor  in  retarding  progress. 

(c)  Chemistry.     Several  teachers  of  chemistry  have  re- 
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ported  that  the  progress  of  students  during-  the  first  year's 
work  in  that  subject  is  similar  to  that  of  the  telegraphic 
student.  There  is  the  same  period  of  rapid  improvement  in 
the  first  months,  followed  by  a  long  period  of  slow  progress. 
In  the  Indiana  University  chemical  laboratory  the  latter  period 
has  long  been  recognized  and  named  'the  period  of  depression.' 
At  one  time  it  was  supposed  by  the  instructors  that  this  period 
of  depression  might  be  due  to  an  inferiority  in  the  latter  part 
of  the  lalx)ratory  manual,  but  further  experience  has  shown 
that  this  is  not  the  case.  An  explanation  of  the  chemist's 
plateau  analogous  to  that  given  for  the  telegrapher's  plateau 
would  be :  that  on  the  plateau  the  learner  is  constantly  ham- 
pered because  he  cannot,  on  demand,  rememljer  any  one  of  a 
large  number  of  elementary  facts  which  he  has  once  learned ; 
that  the  large  number  of  elementary  facts  which  he  needs  to 
know,  makes  his  progress  toward  sufficient  mastery  of  them 
very  slow ;  that  a  rapid  progress  comes  at  last  when  he  can 
turn  his  attention  from  mastering  the  elements  to  a  freer 
use  of  these  facts  in  attacking  more  complex  chemical  prob- 
lems. The  chemists  whom  we  have  consulted  incline  to  regard 
this  explanation  as  correct. 

(d)  Miscellaneous.  A  large  number  of  individuals  have 
reported  analogous  experiences  in  learning  mathematics,  music, 
whist,  chess,  checkers,  et  cetera.  In  all  these  fields  we  find 
one  or  more  long  discouraging  levels,  where  practice  seems 
to  bring  no  improvement,  ending,  at  last,  in  the  case  of  those 
who  persevere,  in  a  sudden  ascent.  It  is  probable  that  in  each 
case  one  must  acquire  habits  of  lower  and  higher  order,  and 
that  the  explanation  for  the  telegraphic  plateaus  is  the  ex- 
planation for  the  plateaus  in  these  fields.  Of  course,  the 
curves  in  these  widely  differing  fields  must  have  different 
specific  characters.  Each  must  be  investigated  for  itself.  In 
a  time  when  some  fear  a  dearth  of  significant  problems  for 
psychological  research  the  prospect  of  such  a  field  is  in- 
spiriting. 

In  general,  we  have  here  a  point  of  view  from  which  we 
may  discern  a  difference  between  the  master  and  the  man 
of  'all-round'  development,  who  is  master  of  nothing.  Both 
have,  from  the  informal  experiences  of  life,  some  knowledges 
and  skills  which  fit  them  to  undertake  the  mastery  of  a 
given  field.  Both  have  developed  those  potential  instruments 
of  mastery,  have  'gone  over'  the  principal  items  of  knowledge 
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and  'gone  through'  with  the  principal  forms  of  skill  required. 
The  master  has  not  stopped  here.  He  has  initiated  himself 
body  and  soul  in  the  elements,  so  that  after  a  time  such  things 
are  to  him  like  letters  and  words  to  an  educated  man.  They 
shoot  together  easily  into  new  combinations.  They  are  units 
of  meditation,  of  invention.  Meanwhile,  to  the  man  who 
has  only  'a.  good  general  knowledge  of  the  field,'  the  feats 
of  the  master  are  impossible  and  almost  incredible.  The 
master's  units  of  thought  are  each  to  him  a  problem.  He  must 
give  time  and  pains  to  each  one  separately.  He  cannot  think 
with  them.  He  is  necessarily  a  follower,  or,  if  he  essays  the 
freedom  without  the  power  of  the  master,  he  is  worse  than 
a  follower — a  crank. 

A   SAMPLE    MEASUREMENT   OF    THE   EFFECTS    OF   EXERCISE 
UPON    THE    ABILITY    TO    TYPEWRITE 

As  a  second  illustration  I  take  the  results  (as  yet  un- 
published) of  a  study  of  practice  in  typewriting  by  Messrs. 
A.  E.  Rejall  and  L.  B.  Hill.*  These  results  will  be  used  chiefly 
to  illustrate  the  problems  of  the  measurement  of  efficiency 
and  improvement. 

The  practice  in  question  was  writing  a  new  page  of 
approximately  300  words  (from  The  Mill  on  the  Floss)  daily 
(except  Sundays  and  as  later  noted)  ;  and  one  same  passage 
of  100  words,  also  daily  except  Sundays  and  as  later  noted. 
The  record  taken  was  the  time  required,  the  errors  made, 
and  notes  on  the  learner's  condition,  methods  of  work,  and 
the  like. 

We  have  then  for  each  of  two  learners  a  record  like 
Table  i,  which  reports  the  first  twenty-five  days  of  practice 
for  Mr.  Rejall.  Consider  first  the  Amount  of  Improvement 
made  by  him  in  these  twenty-five  days  in  writing  the  same 
passage.  We  cannot  measure,  from  the  record  of  Table  i, 
the  change  from  the  very  beginning  to  the  very  end,  but 
only  from  the  total  performance  of  the  first  day  to  the  total 

*  For  the  treatment  of  their  results  given  here,  including  the  necessary 
computations,  the  author  is  responsible. 
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performance  of  the  twenty-fifth.  This  change  was  from  a 
time  of  15.33  ^'^^^  8  mistakes  to  a  time  of  4.03  with  4  mistakes; 
or  from  6.3  words  per  minute,  with  (assuming  five  letters 
to  a  word)  98.4  per  cent  of  the  letters  and  spaces,  etc.  right, 
to  24.7  words  per  minute,  with  99.2  per  cent  of  the  words 
right. 

Table  I. 
Record  of  First  Twenty-five  Days  of  Practice  in  Typewriting:     A.  E.  R. 

Same  loo  New  300 

word     passage.  word  page. 

Time,  in  Time,  in 

minutes  minutes 

and  and 

seconds.       Errors.  seconds.         I-lrrors. 

Sat.       Nov.     2  '07       15.53  8  43.50  34 


Mon. 

4 

10.20 

5 

36.32 

32 

Tues. 

"       5 

8.50 

9 

33-33 

33 

Wed. 

"       6 

9.04 

9 

29.24 

II 

Thur. 

"       7 

7.29 

7 

25.29 

20 

Fri. 

"       8 

6.42 

5 

27.22 

27 

Sat. 

"       9 

7.08 

4 

25.40 

19 

Mon. 

II 

8.05 

6 

29.00 

22 

Tues. 

"      12 

6.20 

9 

24.23 

34 

Wed. 

"      13 

6.25 

4 

23.28 

18 

Thur. 

"      14 

5.58 

7 

23.30 

23 

Fri. 

"      15 

6.15 

3 

22.34 

28 

Sat. 

"      16 

7.00 

8 

22.15 

26 

Mon. 

"      18 

5-53 

I 

20.00 

19 

Tues. 

"      19 

5-25 

8 

2435 

26 

Wed. 

"     20 

5.10 

2 

22.45 

48 

Thur. 

"     21 

458 

4 

22.21 

13 

Fri. 

"     22 

4-53 

7 

21.13 

15 

Sat. 

"     23 

5.08 

8 

20.47 

18 

Mon. 

"     25 

4-17 

2 

19.05 

14 

Tues. 

"      26 

4.38 

7 

18.40 

23 

Wed. 

"     27 

430 

I 

19.18 

20 

Thur. 

"     28 

4.24 

6 

20.20 

18 

Fri. 

"     29 

4.32 

3 

19.08 

32 

Sat. 

"     30 

4.03 

4 

17.25 

14 
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Consider  next  the  Rate  of  Improvement  in  the  same  case. 
In  all,  he  wrote  2500  words;  but,  since  the  scores  compared 
are  the  totals  for  the  first  and  twenty-fifth  day,  the  amount 
of  practice  producing  the  amount  of  improvement  noted  is 
that  given  by  writing  2400  words.*  The  exact  amount  of 
time  represented  by  it,  we  cannot  discover.  It  will  be  ap- 
proximately half  of  the  time  for  the  first  day,  plus  all  the  time 
for  the  next  twenty-three  days,  plus  approximately  half  of 
the  time  for  the  twenty-fifth  day.  This  calculation  gives  153^ 
minutes,  or  2.55  hours.  There  is  then  a  gain  of  7.2  words 
per  minute  written  and  of  3  tenths  of  one  percent  in  the  per- 
centage of  letters,  etc.,  written  correctly  per  hour  of  practice 
(18.36/2.55  and  .8/2.55). 

Consider  now  the  Limit  of  Improvement.  It  is  obvious 
that  the  learner  has  not  reached  his  limit  of  speed  in  writing 
this  100-word  paragraph.  The  entire  practice,  of  which  this 
is  the  beginning,  covered  114  repetitions  of  the  paragraph 
(with  also  the  writing  of  114  pages,  or  34200  words,  of  new 
text).  Even  by  then  the  limit  was  perhaps  not  reached, 
though  it  was  being  approached.  The  weekly  averages  for  the 
last  eight  weeks  were,  in  the  order  of  time : 

3  min.     9  sec.  required  to  write  the  100  word  paragraph 

3  min.  13  sec. 

3  min.     6  sec. 

2  min.  49  sec. 

2  min.  54  sec. 

2  min.  33  sec. 

2  min.  30  sec. 

2  min.  22  sec. 


Consider  next  Changes  in  the  Rate  of  Improvement.  The 
scores  on  the  first  day,  seventh,  thirteenth,  nineteenth  and 
twenty-fifth  days  were : 


*  For  the  sake  of  simplicity  in  the  illustration  I  neglect  the  practice 
due  to   writing  the  twenty-four  new   pages. 


Day 

Time 

En 

I 

15-53 

8; 

7 

7.08 

4; 

13 

7.00 

8; 

19 

5-o8 

8; 

25 

403 

4; 
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or    6.3  words  per  minute  with  984%         right, 

or  14.0       "  "  "  "  99.2%  " 

or  14.3        "  "  "  "  98.4% 

or  19.5        "  "  "  "  98.4% 

or  24.7       "  "  "  "  99.2% 


The  gains  in  the  four  successive  weeks  are  then:  In 
amount  done,  y.y  words  per  minute,  0.3  words  per  minute, 
5.2  words  per  minute  and  5.2  words  per  minute ;  in  i>er- 
centage  correct,  .8,  —.8,  o,  and  .8.  The  first  two  weeks  (or 
1200  words  written)  give  a  gain  of  8.0  words  per  minute 
with  no  change  in  accuracy;  the  second  two  weeks  or  1200 
words  w'ritten  give  a  gain  of  10.4  words  per  minute  and  .8 
in  percentage  correct.  It  is,  however,  better  to  measure  the 
amount  of  exercise  given  to  a  function  by  the  time  spent, 
since  thereby  all  our  measures  are  kept  commensurate,  and 
since  for  practical  purposes  time  is  more  significant  than 
repetitions.  The  time  from  the  middle  of  the  first  to  the 
middle  of  the  thirteenth  day  was  94  minutes  23  seconds 
(neglecting,  for  the  sake  of  simplicity,  the  practice  with  the 
new  pages),  while  the  time  from  the  middle  of  the  thirteenth 
to  the  middle  of  the  twenty-fifth  day  was  59  minutes  20 
seconds.  So  it  was  the  first  hour  and  a  half  of  the  practice 
which  brought  the  addition  of  8  words  per  minute,  while 
only  an  hour's  later  work  brought  the  addition  of  10.4  words 
per  minute. 

Making  a  more  careful  examination  of  the  record  of  Table 
I,  we  find  that  the  improvement  of  the  first  two  weeks  (or 
twelve  repetitions,  or  94%  minutes)  is  probably  not  fairly  repre- 
sented by  the  change  from  the  score  on  day  i  to  the  score  on 
day  13,  since  the  latter  was  a  specially  bad  day,  being  below 
all  four  of  those  preceding.  And  in  general  it  is  better  to 
measure  changes  in  the  rate  of  improvement  with  full  cogniz- 
ance of  the  whole  change,  as  well  as  exact  comparisons  of 
specified  days. 
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The  whole  change  may  conveniently  be  represented  to 
thought  by  a  graph.  For  example,  the  change  in  speed  in  the 
case  under  discussion  is  shown  by  any  one  of  the  graphs 
of  Figs.  31  to  38.  Fig.  31  shows  the  time  for  each  successive 
hundred  words;  Fig.  32  shows  the  same  fact,  assuming  that 
the  speed  at  the  fiftieth  and  fifty-first  words  in  the  case  of 
of  any  period  was  the  same  as  the  average  of  the  hundred; 
or,  in  other  words,  representing  the  ability  during  a  given 
period  by  the  height  of  a  point  at  the  middle  of  that  period. 


15- 


£K)- 


■g.5- 


500 


1000 


1500 


2000 


2500 


Amount  of  exercise;   words  written. 


Fig.  31  Improvement  in  Typewriting  the  Same  Paragraph  of  loo  Words.  Written 
Once  Daily.  Abscissa  :^  25  Daily  Practice-Periods  or  2500  Words  Written: 
Ordinatcs  r:^  Times   Required   per    Unit   of   Product. 

Fig.  33  shows  the  amount  done  per  minute  for  each  successive 
hundred  words ;  Fig.  34  shows  the  same  fact,  but  representing 
the  ability  during  a  given  period  by  the  height  of  a  point  at 
the  middle  of  that  period.  In  Figs.  31,  32,  33  and  34,  the 
horizontal  scale  is  one  in  which  the  distances  are  all  proportional 
to  the  number  of  words  written. 

Fig.  35  shows  the  amount  done  per  minute  for  each  suc- 
cessive hundred  words,  but  with  a  horizontal  scale  in  which 
the  distances  are  proportional  to  the  amount  of  time  spent 
in  practice,  one  tenth  of  an  inch  equalling  six  minutes  or 
one  tenth  of  an  hour.    Fig.  36  shows  just  the  same  fact  as  Fig. 


IMPROVEMENT    OF    MENTAL    FUNCTIONS 


107 


35,  but  representing  the  ability  during  a  given  period  by  the 
height  of  a  point  at  the  middle  of  that  period. 


15- 


10- 


*  5  - 


0  500  1000  1500 

Amount  of  exercise:    words   written. 


2000 


2500 


Fig.    32.      Same    as   Fig.    31,    but    Using    Mid-Points    over    Each    Twenty-fifth   of    the 
Abscissa-Length. 


25-1 


20- 


15' 


10- 


S    5  - 


o  i 


0  SCO         1000 

Amount  of  exercise;  words  written. 


1500 


2000 


2500 


Fig.  33.  Improvement  in  Typewriting  the  Same  Paragraph  of  100  Words.  Written 
Once  Daily.  Abscissa  =  25  Daily  Practice-Periods,  or  2500  Words  Written: 
Ordinates  =  Amounts  of  Product  per  Unit  of  Time. 
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25-1 


20- 


15  - 

^ID- 
'S 

c 

■g 

«> 

If 


500 


!000 


1300 


2000  2500 


Amount  of  exercise;   words  written. 
Fig.    34.      Same    as    Fig.    33,    but    Using    Mid-Points   over    Each    Twenty-fifth    of    the 
Abscissa-Length. 

15-1 


20- 


15- 


S 


5   5- 


0  30  60  90  »iO 

Amount  of  exercise;  minutes  spent  in  practice. 
Fig    ^<;       Improvement  in  Typewriting  the   Same   Paragraph  of   100  Words.     Written 
Once    oSly       Al^scissa  =  Thne    Spent   in    Practice:    Ordinates  r=  Amounts    of    Pro- 
duct  per    Unit    ot    Time. 
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25 


ZO  - 


IS- 


.5    10 

e 


I   5 


Fig.    36. 


0  30  feO  SO  120  150 

Amount  of   exercise;   minutes  spent  in  practice. 

Same    as    Fig.    35,    but    Using    Mid-Points    over    Each    Division    of    the 
Abscissa-Length    corresponding    to    One    practice    Daily. 


0  30  60  90  120 

Amount  of  exercise;  minutes  spent  in  practice. 


150 


Fig.   37.      Same   as   Fig.    35,   but   Combining   the    Practice-Periods   by   Twos   after    the 
First    Practice    Period. 
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25- 


20- 


15  - 


10  - 


S     5- 


Fic.    2S. 


0  30  60  90  120  150 

Amount  of  exercise;  minutes  spent  in  practice. 

Same    as    Fig.    35,    but    Combining    the    Practice-Periods    by    Twos    after 
the  First  Two. 


From  Figs.  31  to  36  it  is  obvious  that  the  rate  of  gain 
in  the  gross  amount  done  fluctuates  from  day  to  day,  but 
that,  week  by  week,  it  is  about  the  same  throughout  for  equal 
amounts  of  time  given  to  the  exercise  of  the  function.  A 
straight  line  fits  the  observed  facts  fairly  well,  though  a  line 
with  a  rapid  rise  for  the  first  third  of  the  time,  a  slower  rise 
for  the  next  third,  and  then  a  rapid  rise  for  the  last  third, 
fits  the  facts  still  better.  Fig.  37  represents  the  curve,  when 
the  successive  periods,  after  the  first,  are  combined  in  pairs; 
Fig.  38  represents  the  curve  when  the  periods,  after  the 
first  two,  are  combined  in  pairs. 

It  is  fairly  justifiable  to  describe  the  change  in  the  rate 
of  improvement  as  affected  by  a  long-time  fluctuation  toward 
a  slower  gain  in  the  middle,  as  well  as  by  large  short-time 
fluctuations — fluctuations  from  day  to  day.  It  also  appears 
that,  during  the  middle  period,  the  large  short-time  fluctu- 
ations were  mainly  downward,  whereas  during  the  later  period 
the  large  short-time  fluctuations  were  upward. 
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The  matter  of  changes  in  the  rate  of  improvement  may 
be  further  illustrated  by  considering  not  only  these  first  twenty- 
five  writings  of  the  paragraph,  but  also  the  next  fifty  as  well. 
The  curve  of  practice  resulting  is  shown  in  Fig.  39.  The 
short-term  fluctuations  are  obvious,  and  also  certain  longer 
swings.  It  is  clear,  for  example,  that  the  practice  of  the  first 
two  hours  and  three  quarters  produced  a  more  rapid  gain 
than  the  practice  of  the  second  two  hours  and  three  quarters. 


Amount  of  exercise;  minutes  spent  in  practice. 

Fig.    39.      Same    as   Fig.    35,    plus   a    Continuation    Recording    the    Results   of    Further 
Practice    beyond    the    First    25    Practice-Periods. 

There  is  also  reason  to  regard  the  period  from  about  i6o  to 
about  260  minutes  as  a  long-time  fluctuation  toward  slight 
gain,  with  periods  of  specially  rapid  gain  before  and  after  it 
— a  semi -plateau. 

In  all  these  curves  only  the  speed  of  the  work  is  repre- 
sented. For  a  valid  measure  of  efficiency  the  accuracy  should 
be  counted  in.  If,  for  example,  one  of  the  short-time  fluctu- 
ations lip  were  a  record  with  many  errors,  and  a  fluctuation 
down  were  a  very  accurate  record,  it  might  be  that  the  second 
was  caused  by  a  relinquishment  of  speed  in  order  to  make 
fewer  errors.  If,  as  is  perhaps  more  often  the  case,  the  very 
fast  records  are  specially  accurate,  and  the  very  slow  records 
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are  specially  inaccurate,  the  fluctuations  in  Figs.  31  to  39  fall 
short  of  the  truth. 

The  exact  relative  values  of  speed  and  accuracy  for  effici- 
ency in  typewriting  are  not  known.  Their  values  would  indeed 
vary  with  the  purpose  which  the  written  matter  was  to  serve. 
If,  from  the  learner's  number  of  words  written  per  minute, 
we  subtract  one  for  every  mistake  made  during  that  minute 
— that  is,  give  him  no  credit  for  any  word  in  which  there 
is  a  mistake* — we  have  perhaps  as  reasonable  a  penalty  for 
inaccuracy  as  any. 

The  application  of  this  penalty  does  not  change  the  facts 
concerning  the  rate  of  improvement  in  any  important  way. 
The  resulting  curve  would  show  the  same  general  facts  as  the 
one  drawn  for  speed  alone,  with  a  little  more  improvement 
as  a  whole,  and  with  some  fluctuations  increased  and  others 
diminished. 

Consider  next  the  Permanence  of  Improvement.  The 
records  for  the  first  ten  days  of  the  114,  for  the  last  ten  days 
of  the  114,  and  for  the  first  ten  days  of  a  memory  test  four 
years  and  a  half  later,  are  shown  in  Table  2. 

Table  2. 

the   permanence   of   improvement 

Scores  of  AE.R.  in  Typewriting  One  Same  100  Word  Paragraph. 


At  beginning  of  first 
practice.     Periods  i-io 

At  end  of  first  practice. 
Periods  ios-114 

At  beginning  of  memory 
test.  4M  yrs.  later 

0 

u 

Min. 
Sec. 
Error' 

Min. 
Sec. 
Errors 

Nov.  2,  1907  15     53 

8 

Mar.  19,  1908    2    24    7 

Oct.  I,  1912    4    52    3 

"4             10    20 

5 

"-     20              2    23    6 

"2              3     55    3 

"5              8    50 

9 

"     21              2    39    8 

"3               3    30    7 

"6              94 

9 

"     23              2    20    6 

"4              5    30    4 

"7              7    29 

7 

"     24             2    21  13 

"7              3    20    8 

"8              6    42 

5 

"     25              2     18    5 

"8              3      5    4 

"9              78 

4 

"26              2     25  10 

"9              3            4 

"II              85 

"27              2     18  II 

"10              2     50  II 

"12             6    20 

"      28              2    28    6 

"11              3           6 

"    13              6    25 

"     30              2     18    9 

"    14              2    48    6 

*  Not  exactly  this,  as  it  reads,  since  if  two  mistakes  are  made  in  one 
word   his  score  is   reduced  by  two  words,  etc. 
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There  was  evidently  a  very  great  permanence  of  the  old 
learning.  Moreover,  at  the  end  of  fifteen  writings  of  the 
paragraph  (together  with  the  practice  from  writing  fifteen 
pages  of  new  material),  the  efficiency  with  the  single  para- 
graph was  as  high  as  it  had  been  brought  by  the  hundred  and 
fourteen  writings  four  and  a  half  years  before. 

The  Elements  and  Conditions  of  Improvement  in  type- 
writing were  not  especially  studied  by  Rejall  and  Hill,  but 
their  data  permit  us  to  study  one  sample  question — namely, 
that  of  the  influence  of  the  absence  of  practice  on  every 
seventh  day.  We  may,  that  is,  compare  the  average  gain 
from  Saturday  to  Monday  with  the  average  gain  from  any  one 
day  to  another.     The  facts  for  subject  A.E.R.  are  as  follows : 

From  Monday,  November  4,  to  Friday,  December  20, 
practice  was  continuous  except  for  the  Sundays  and  two 
other  days,  one  of  which  came  before  a  Sunday.  There  were 
thus  39  practice  periods.  The  average  score  of  the  first 
three  days  was  9  minutes  25  seconds  with  7%  errors;  that 
for  the  last  three  days  was  3  minutes  46  seconds  with  3% 
errors.  Subtracting  and  dividing  by  36  we  have  an  average 
reduction  in  time,  due  to  one  writing  of  the  hundred  words, 
of  9.3  seconds;  and  an  average  reduction  of  12  hundredths  of 
an  error.  The  average  reduction  in  time  due  to  one  writing 
in  the  'Saturday-to-Monday'  cases  was  9.2  seconds;  that  in 
errors  was  1 1  hundredths  of  an  error.  There  was  thus  in 
this  first  division  of  the  total  months  of  learning,  no  advantage 
to  the  'Sunday-Monday'  interval. 

After  an  interval  with  frequent  absences,  practice  was 
again  continuous  except  for  Sundays  and  two  days  (both 
Saturdays),  from  Tuesday,  January  7,  to  Monday,  March 
30.  There  were  thus  seventy  practice  periods.  The  average 
score  for  the  first  three  of  the  seventy  was  3  minutes  40 
seconds  with  873  errors ;  the  average  score  for  the  last  three 
was  2  minutes  21  seconds  with  8%  errors.  Dividing  the 
I  minute  19  seconds  by  67.  we  have  1.18  seconds  reduction 
as  that  due  to  any  one  repetition.     The  average  reduction  in 
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time  from  a  Saturday  to  a  Monday  is  6  seconds,  with  an 
average  increase  in  errors  of  1.17.  Taking  this  result  at  its 
face  value,  it  appears  that  four  fifths  of  the  gain  in  speed 
was  made  between  Saturday  and  Monday.*  This  fact  comes 
out  more  clearly  by  comparing  the  six-period  (Monday  to 
Saturday)  differences  with  the  one-period  (Saturday  to  Mon- 
day) differences.  They  are,  in  the  order  of  time  (errors 
being  omitted),  as  shown  in  Table  3.  There  is  a  reduction 
of  only   16  seconds  in  the  twelve  Monday  to  Saturday  dif- 

Table  3. 

changes  in  time  required  to  typewrite  one  same  loo  word  paragraph 
in  a.e.r.'s  last  12  weeks  of  practice 

6  period:  i  period: 

Mon.  to  Sat.  Sat.  to  Mon. 


15 


+  11 


+  19 

—  37 
+  9 
+  2 
-f-14 

—  30 

—  23 
+  12 

—  7 

—  3 

—  19 


—  72 

♦'Between  Saturday  and  Monday'  means,  of  course,  during  the  interval, 
or  in  the  Monday  practice,  or  both. 


+ 

4 

+ 

5 

+  18 

— 

7 

— 

18 

+ 

4 

+ 

2 

-f- 

8 

Sums 

16 
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ferences  and  one  of  72  seconds  in  the  twelve  Saturday  trv 
Monday  differences. 

Examining-  this  same  matter  in  the  case  of  the  other 
subjec/-  (L.B.H.)  I  find  that  in  the  last  twelve  weeks  of  his 
practific  the  facts  were :  A  total  increase  of  time  of  23  seconds 
in  the  twelve  'Monday-to-Saturday'  differences,  and  a  total 
reduction  in  time  of  84  seconds  in  the  twelve  *Saturday-to- 
Monday'  differences.  In  a  certain  sense,  then,  during  the  last 
twelve  weeks  of  practice,  L.B.H.  made  all  his  g^ain  in  speed 
in  the  Monday  practice  and  the  interval  preceding  it,  and  also 
counterbalanced  a  net  loss  from  the  work  of  the  other  days. 
The  average  reduction  in  errors  from  a  Monday  to  a  Satur- 
day was  Ys  of  an  error,  while  from  a  Saturday  to  a  Monday 
there  was  an  average  increase  of  jE^  an  error.  In  the  nine 
weeks  before  these  last  twelve,  as  in  the  early  practice  of 
Subject  A.E.R.,  the  'Saturday-to-Monday'  differences  were 
not  superior  to  the  average  from  one  day  to  the  next.  In 
fact,  with  Subject  L.B.H.,  they  were  inferior. 

This  rather  extraordinary  difference  between  early  and  later 
periods  of  practice  in  the  relative  Monday-Saturday  and  Satur- 
day-Monday gains  should  not  be  taken  too  seriously.  It  may 
be  a  chance  result  in  these  two  cases.  It  is,  however,  a  useful 
illustration  of  the  value  of  a  close  examination  of  practice 
curves. 


chapter  vii 

The  Amount,  Rate  and  Limit  of  Improvement 

experimental  results 

It  is  not  necessary  or  profitable  to  rehearse  here  all  the  facts 
found  concerning  the  amount  and  rate  of  improvement.  I 
shall,  however,  report  the  amount  of  improvement  in  many  of 
those  functions  where  it  has  been  observed  in  the  case  of 
enough  subjects  to  give  a  fairly  reliable  measure  of  the  general 
tendency  in  respect  to  it,  and  also  the  amount  in  many  of 
those  functions  where  improvement  has  been  measured  over 
a  long  period.  The  facts  reported  will  in  many  cases  be  more 
than  would  be  necessary  to  understand  the  amount  and  general 
rate  of  gain,  l3eing  intended  to  serve  also  for  the  later  dis- 
cussions of  the  factors  constituting,  and  conditions  favoring, 
improvement,  and  of  changes  in  rate.  Facts  quoted  later  in 
connection  with  the  specific  chapters  on  these  topics  will  serve 
to  confirm  the  conclusions  drawn  from  the  facts  quoted  in 
this  section.  The  relevant  data  from  the  two  investigations 
already  described  will  not  be  repeated  here. 

The  reader  is  warned  not  to  fall  into  the  natural  habit 
of  interpreting  every  change  in  the  score  used  as  a  correspond- 
ing change  in  efficiency.  On  seeing  a  curve  like  Fig.  40,  or 
a  pair  of  numbers  like  'Early  score,  50;  late  score,  100,'  one 
is  tempted  to  think  of  the  function  as  having  become  twice 
as  efficient — to  think  of  the  learner's  ability  as  having  doubled. 
But  a  given  change  in  the  score  may  mean  many  different 
things,  according  to  the  meaning  of  the  score. 

Consider,  for  example,  these  cases :  From  fifty  letters 
written  per  minute  to  one  hundred — from  fifty  dollars  earned 
per  month  at  typewriting  to  one  hundred  dollars — from  fifty 
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words  written  per  minute  to  one  hundred — from  fifty  per  cent 
of  correct  judgments  of  the  difference  in  length  of  two  Hues, 
loo.o  and  100.  i  mm.  long,  to  one  hundred  per  cent  of  correct 
judgments. 


—  75 


—  so 


—  25 


F:g.    40. 

The  first  gain  is  one  that  any  literate  and  fairly  intelligent 
adult  can  make,  and  can  make  in  a  very  few  hours  of  practice ; 
the  second  is  a  gain  that  only  a  small  percentage  of  stenogra- 
phers ever  make ;  the  third  is  a  gain  that  nobody  has  ever  made. 
In  all  these,  the  'fifty'  means  some  positive  amount  of  ability, 
but  in  the  fourth  it  is  a  true  zero.  In  the  fourth,  the  change 
is  from  'just  not  any'  ability,  or  the  ability  that  an  idiot  might 
display  (mere  chance  producing  fifty  correct  judgments),  to 
an  ability  which  no  eyes  and  brain  can  anywhere  nearly  ap- 
proach. Not  only  the  numerical  relations  of  the  amounts, 
not  only  the  slope  of  the  curve,  but  also  the  actual  facts  of 
behavior  denoted  by  the  score  must  be  considered  in  every 
case.* 

*  In  examining  practice  curves  in  books  and  periodicals  in  general, 
the  student  should  be  on  the  watch  for  the  very  pernicious  custom  of 
scaling  the  vertical  distances  not  from  zero,  but  from  some  positive 
amount,  as  shown  in  Fig.  41.  This  is  often  done  to  save  space,  or  to 
allow  the  difference  in  height  of  different  points  of  the  curve  to  be 
emphatic.     But  the  impression  inevitably  left  with  the  student,  unless  he 
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Improvement  in  Simple  Sensori-Motor  Functions 

Partridge  ['oo]  measured  the  amount  of  practice  required 
by  two  adults,  and  by  a  large  number  of  school  children,  in 
learning  not  to  wink  when  a  hammer  of  rubber  struck  a 
plate  of  glass  in  front  of  the  eye.*    The  second  set  of  measures 

deliberately  protects  himself,  is  of  a  much  greater  change  than  really 
happened.  One  can  protect  oneself  by  extending  the  vertical  scale  down 
to  its  zero  on  a  sheet  of  paper  and  adding  this  extension  to  the  printed 


Fig.  41:  Fig.  42. 

diagram,  thereby  turning  Fig.  41  into  Fig.  42;  or  by  locating  the  true 
base  line  with  a  rule,  or  book  edge,  or  the  like.  In  this  volume  all  curves 
will  be  shown  with  their  true  axes  of  reference,  but  in  the  literature  of 
practice  in  general   they  will   not. 

*"The  subject  was  seated  with  his  forehead  and  chin  supported  by  a 
suitable  headrest.  Close  before  his  face  was  brought  a  framed  piece 
of  thick  plate-glass  about  six  by  eight  inches  in  size.  On  the  back  of  this 
glass  and  attached  to  the  lower  side  of  the  frame  was  a  small  rubber- 
faced  wooden-headed  hammer  which,  when  released  from  a  catch  under 
the  control  of  the  experimenter,  was  swung  suddenly  upward,  and  struck 
the  glass  about  the  level  of  the  eyes  of  the  subject.  With  the  instrument 
in  this  form  experiments  were  made  on  several  members  of  the  university 
and  others.  In  a  later  form  of  the  instrument,  however,  the  headrest 
and  glass  plate  were  both  attached  to  a  graduated  steel  rod  (supported 
on  legs  and  standing  on  a  table)  so  that  the  glass  and  striking  apparatus 
could  be  set  at  any  required  distance  from  the  subject,  while  the  distance 
could  be  read  in  centimeters.  The  subjects  generally  knew  the  nature  of 
the  experiment  to  be  made  upon  them,  and  were  simply  requested  to  refrain 
from  winking."     [Partridge,  '00,  p.  244.] 

A  moi-e  elaborate  analysis  of  this  same  learning  has  been  made  by 
Swift  [.'03],  but  the  conditions  were  so  much  varied  in  the  course  of  the 
practice  that  the  results  would  require  too  elaborate  a  report  for  our 
purpose. 
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are  not  reported  in  usable  form.  The  course  of  learning  not 
to  wink  at  the  sight  and  sound  of  the  hammer  was,  for  the 
two  adults,  as  follows : 

Each  number  gives  the  number  of  time  that  the  wink  was 
inhibited  in  each  successive  hundred  trials. 

Subject  A:  o,  o,  ii,  6,  i6,  20,  34,  53,  36,  42,  57,  45, 
42,  53,  and  50. 

Subject  B :  0,0,  2,  4,  4,  o,  8,  2,  6,  4,  o,  28,  8,  4,  21,  32, 
65,  39,  81,  83,  77,  92,  86,  97,  99,  88,  98. 


Fig.    43.      Smooth    Maze.      Reduced    to    One    Half 
Linear   Dimensions. 

Bair  ['02,  p.  30]  tested  four  subjects'  gain  in  tossing  shot 
into  a  glass,  sixty  tosses  being  made  a  day  for  twenty  days. 
The  score  being  the  number  of  successes  out  of  sixty,  the  four 
adult  males  improved  from  32,  23,  17  and  15  to  56,  37,  43, 
and  42. 

Whitley  ['11,  pp.  112  and  130  f.]  found  that  twenty  prac- 
tices in  drawing  a  line  between  the  two  parallel  lines  of  a  maze 
(of  which  Fig.  43  is  a  copy,  reduced  to  one  half  in  linear 
dimensions),  one  being  taken  daily  except  Sundays,  reduced 
the  score  from  194  to  123  for  the  average  of  nine  individuals. 
The  score  is  the  time  plus  one  tenth  for  i  or  2  touches,  two 
tenths  for  3  or  4  touches,  three  tenths  for  5  or  6  touches,  and 
so  on.  The  several  gains  of  the  individuals  are  too  unreliable 
for  quotation,  the  function  being  one  that  varies  greatly  from 
trial  to  trial. 
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Swift  ['03]  had  five  adult  men  practice  at  "keeping  two 
balls  going  (in  the  air)  with  one  hand,  receiving  and  throwing 
one  while  the  other  is  in  the  air  .  .  .  The  balls  used  were  of 
solid  rubber  and  weighed  122.6  and  130.2  grams.  .  ,  .  Their 
diameters  were  42  and  44  mm.,  respectively.  .  .  .  The  daily 
program  consisted  of  ten  trials,  the  subject  in  each  case  [1.  e., 
trial]  continuing  the  throwing  until  he  failed  to  catch  one  or 
both  of  the  balls."    ['03,  p.  210  f.]     "'The  number  of  catches 
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Fig.    44.      Improvement   in   Tossing  Balls.      The   Average   Number  of  Tosses   in    Each 

Successive  Practice-Period.    Subject  A.    Fics.  44-48  are  after  Swift,  '03,  pp.  204-208. 
Fig.  45.     Same  as  Fig.  44,  but  for  Subject  B.     (The  last  point  in  the  curve  is  for  the 

average  of  three  practice-periods). 
Fig.  46.     Same  as  Fig.  44,  but  for  Subject  C. 

made  in  each  trial  was  immediately  recorded,"  the  sum  of 
these  ten  numbers  forming  the  score  for  the  day.  "After  each 
trial  the  subject  rested  as  long  as  seemed  necessary."  [ibid.^ 
The  amount  of  improvement,  as  shown  by  Swift,  appears 
in  Fig.  44,  45,  46,  47  and  48.*  In  these  figures,  equal  dis- 
tances along  the  base-line  represent  equal  numbers  of  'days'  or 

*  The  facts  for  subject  D,  who  was  disturbed  by  iUness,  are  not  given 
here. 
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*trials,'  but  not  equal  amounts  of  practice;  for  the  amount  of 
practice  in  ten  trials  comprising  five  hundred  throws  is  ob- 
viously greater  than  that  in  ten  trials  comprising  fifty  throws. 
For  example,  if  Fig.  48  had  been  drawn  with  equal  distances 
j^Q ,  .  along    the    base-line 

representing  equal 
amounts  of  time  de- 
voted to  practice,  the 
80  h  J  I  /  result     would     have 

been  approximately 
Fig.  49.  In  Fig.  49 
the  horizontal  scale 
is  of  the  number  of 
tosses  made  in 
the  practice,  which 
would  closely  paral- 
lel the  amount  of 
time  spent  in  the 
practice. 

For  the  same 
reason,  though  A  had  fewer  days  or  'trials'  than  C,  he  had, 
before  his  last  day's  practice,  three  or  four  times  as  much 
practice,  measured  by  number  of  tosses  made  or  time  spent 

in  tossing.  The  reader  may  find  it  instructive  to  measure 
roughly  from  Swift's  curve  just  how  far  C  was  really  a  slower 
learner  than  A,  and  how  far  he  was,  by  his  smaller  original 
ability,  deprived  of  the  amount  of  practice  that  A  had. 

Wells  ['08  (b)]  found  with  two  adult  subjects  that  thirty 
days  (five  weeks  excluding  Sundays,*  with  an  intermission 
of  fourteen  days  after  the  fourteenth  day  of  the  practice  series, 
and  with  intermissions  of  ten  days  each  after  the  twenty-fourth 
and  twenty-sixth  day)  of  practice  at  tapping  a  telegraph  key 
at  maximal  speed  for  thirty  seconds,  ten  times  a  day,  five  with 

*  This  in  the  first  two  days  was  not  exactly  the  schedule  of  one 
subject,  but  no  difference  in  the  results  due  to  the  irregularity  of  the 
first   two   days    of   his   schedule   was   noted. 
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Fig.  47 
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Number   of  practice-periods. 
Fig.  48 


Same  as  Fig.  44,  but  for  Subject  E. 
Same  as  Fig.  44,  but  for  Subject  F. 
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each  hand,  sqjarated  by  nine  rests,  each  of  one  hundred  and 
fifty  seconds,  produced  an  improvement  from  an  initial  score 


toOO  2000 

Amount  of  exercise;  number  of  tosses. 


5000 


4000 


5000 


Fic.  49.  Improveriftnt  in  Tossing  Balls:  Subject  F,  The  Average  Number  of  Tosses 
in  Each  Successive  Practice  Period,  the  Horizontal  Scale  Being  for  the  Amount  of 
Practice  as  Measured  in  Tosses.  Same  as  Fig.  48,  but  with  One  Toss  instead  of 
One  Practice-Period  as  the  Unit  of  Abscissa  Length. 

of  about  186  taps  in  thirty  seconds  to  a  final  score  of  215 
taps  in  thirty  seconds,  averaging  the  two  subjects'  records  for 
right  hand  and  left  hand.* 

Improvement  in  the  Observation  of  Small  Visual  Details 
(Marking  Tests) 

Kline  ['09]  reports  that  nine  individuals  spent  from  thirty 
to  forty-five  minutes  a  day  in  practice  at  marking  the  e's  and 
fs  on  printed  pages.  From  the  first  to  the  fourteenth  day 
they  changed  as  follows  in  the  number  marked  per  minute: 


ividual  T.H. 

from 

56.3  to  73.7 

T.K. 

56.3  to  94.6 

L.K. 

44.2  to  68.0 

E.K. 

46.9  to  77.0 

McD. 

32.8  to  88.0 

Mc.L. 

33.2  to  73.0 

N.N. 

34.7  to  76.6 

H.P. 

40.1  to  75.0 

H.S. 

44.9  to  84.5 

*  The  subjects  are  so  alike  that  the  averaging  is  harmless. 
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Whitley  ['ii,  p.  120  ff.]  measured  the  improvement  in 
marking  the  a's  on  pages  of  ordinary  print,*  the  same  page 
never  being  used  twice,  and  two  pages  being  marked  daily  for 
twenty  days  (excluding  Sundays),  in  the  case  of  nine  women 
students.  The  pairs  of  pages  used  for  Day  i  and  Day  18  were 
of  closely  similar  difficulty,  containing  299  and  313  a's  re- 
spectively. There  was  a  decrease  of  time  from  721  seconds 
to  436  seconds  (using  the  average  performance  of  the  nine 
subjects  in  each  case).  The  average  amount  of  time  spent 
in  the  practice  from  Day  i  to  Day  18  was  approximately 
2%  hours.  Since  the  eighteenth  page  was  somewhat  harder, 
we  may  put  the  effect  of  2^  hours  of  practice  at  a  reduction 
of  two  fifths  in  the  time,  or  an  increase  of  two  thirds  in  the 
amount  per  unit  of  time,  for  individuals  requiring  at  the  start 
about  six  minutes  to  mark  a  page  of  2200  letters  containing 
150  a's. 

Wells  ['12]  found,  with  ten  adult  subjects  (hospital 
nurses),  in  cancelling  a  hundred  zeros  in  a  page  specially  con- 
structed of  a  thousand  mixed  digits,  that  one  hundred  and 
ten  such  tests,  one  a  day  for  ten  days  and  five  a  day  for 
twenty  days  (Sundays  being  omitted),  involving  on  the 
average  about  140  minutest  oi  practice,  raised  the  number  of 
zeros  cancelled  per  minute  from  an  average  of  about  45 
to  one  of  about  100,  without  (if  I  understand  Dr.  Wells' 
report)  diminishing  precision.  The  exact  initial  and  final 
status  of  each  individual  will  be  found  in  Figs.  50  and  51.  J 

*  Pages  of  the  Journal  of  Phil.  Psy.,  and  Set.  Methods,  which  contain 
about  2200  letters   per   page,   were   used. 

t  This  amount  varied  from  below  a  hundred  minutes  for  the  fastest 
individual  to  above  two  hundred  minutes  for  the  slowest. 

t  Bourdon  ['02]  gives  the  record  of  a  single  individual  in  practice 
at  cancellation.  It  agrees  with  the  results  of  Wells  and  Whitley.  Whipple 
['10,  p.  262]  has  shown  that  the  amount  of  improvement  from  practice 
in  cancelling  letters  continuously  on  forty  pages  is  enough  to  counter- 
balance the  ill  effects  of  the  absence  of  rests.  Winteler  ['06]  reports  an 
increase  of  speed  from  slight  practice  in  similar  tests,  but  without  any 
account  of  the  change  in  precision. 
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Number  of  o's  marked;   in  thousands. 


10 


Fig.  so.  Improvement  in  a  Number-Checking  Test.  Five  Men.  After  Wells,  '12, 
Plate  III.  (The  horizontal  scale  is  for  the  number  of  o's  cancelled  in  the 
course  of  practice — i.  e.  for  amount  done,  not  time  spent,) 


*  23456169 

Number  of  o's  marked;  in  thousands. 

Fig.  51.  Improvement  in  Number-Checking  Test.  Five  Women.  After  Wells,  '12, 
Plate  IV.  (The  horizontal  scale  is  for  the  number  of  o's  cancelled  in  the  course 
of  practice — i.   e.,   for  amount  done,  not  time  spent.) 
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Improvement  in  Substitutions,  Translations 
and  Associations 

Leuba  and  Hyde  ['05]  had  students  "put  English  prose 
into  German  script  and  .  .  .  write  in  Enghsh  script  EngHsh 
prose  which  they  had  before  them  in  German  script,"  during 
periods  of  twenty  minutes  (continuous)  length  daily  (or  twice 
a  day,  or  every  other  day,  or  every  third  day,  in  the  case  of 
some  individuals).  The  two  functions  practiced  were  thus 
rather  complex  substitutions.     Only  the  speed  of  the  work 
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Fig.  52.  Improvement  in  Writing  English  Words  in  German  Script.  Four  Groups  of 
Women  Students.  After  Leuba  and  Hyde,  '05,  p.  362.  (The  curves  marked  i-i, 
1-2,  1-3  and  2-1  give  the  improvement  for  the  groups  practicing  20  minutes  once  a 
day,  20  minutes  once  in  two  days,  20  minutes  once  in  three  days,  and  20  minutes 
twice  a  day  respectively.) 

was  measured,  the  quality  of  the  German-script  writing  of 
English  words  and  the  correctness  of  the  reading  of  the 
English  words  in  German  script  being  presumably  about  the 
same  from  beginning  to  end.* 

In  the  tenth  period  of  practice — that  is,  after  three  hours 
and  ten  minutes  of  practice — an  average  speed  of  about  fifty 
letters  per  minute  in  copying  English  into  German  script 
was  attained.     In  the  sixteenth  period  of  practice,  an  average 

*  Otherwise   they   would,   I   trust,   have   attracted   the   attention   of  the 
investigators. 
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speed  of  sixty-four  letters  per  minute  was  shown  by  those  who 
had  practiced  that  long.  These  facts  and  the  further  improve- 
ment of  one  group  are  shown  in  Fig.  52,  which  gives  separately 
the  progress  for:  (2-1)  the  five  individuals  practicing  20 
minutes  twice  a  day;  (i-i)  the  five  individuals  practicing 
20  minutes  every  day;  (1-2)  the  four  individuals  practicing 
twenty  minutes  every  other  day;  and  (1-3)  the  three  in- 
dividuals practicing  twenty  minutes  every  third  day. 
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Fig.  53.  Improvement  in  Writing  in  English  Script  Words  Presented  in  r.erinan 
Script.      Three   Groups  of   Women   Students.     After   Leuba  and    Hyde,   '05,   p.    364. 

'  (The  curves  marked  i-i,  1-2-3,  and  2-1  give  the  improvement  for  the  groups 
practicing  20  minutes  once  a  day,  20  minutes  once  in  two  or  three  days,  and  20 
minutes  twice  a  day  respectively.) 


In  reading  English  words  in  German  script  the  average 
in  the  sixteenth  period  (or  after  five  hours  and  ten  minutes 
of  practice)  was  almost  exactly  two  lines,  such  as  those  of 
this  page,  per  minute  (in  letters,  103).  Fig.  53  shows 
separately  the  progress  toward  this  of  (2-1)  the  average  of 
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five  individuals  who  practiced  twenty  minutes  twice  a  day, 
and  (i-i)  tiie  average  of  four  individuals  who  practiced 
twenty  minutes  daily. 

Experiments  in  learning  to  substitute  on  the  same  principle 
as  Leuba  and  Hyde's  task  of  writing  English  words  in 
German  script  have  been  conducted  by  Munn,  Dearborn, 
Starch,  and  others. 

Munn  ['09]  found  that  in  rewriting  rows  of  letters,  sub- 
stituting for  each  letter  another  according  to  a  given  key, 
the  practice  involved  in  so  rewriting  4000  letters  (200  a 
day  for  twenty  successive  days)  reduced  the  time  required 
from  2.35  to  .7  seconds  per  letter   (average  of  twenty-three 

©0©©©®®® 
©®©®®®©©® 
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Fig.  54.     The  Key  for  the  Substitution  Tests  of  Dearborn  and  Starch. 

learners).  The  2.35  is  the  average  for  the  first  20  letters, 
the  average  for  the  first  day  as  a  whole  being  2.1  seconds. 

Dearborn  ['10]  had  two  groups  (the  number  in  each  is 
not  specified)  write  numbers  for  the  letters  using  a  key  like 
Fig.  54.  The  English  text  was  conveniently  arranged  as 
shown  in  Fig.  55.  Fig.  56  shows  the  improvement  in  the 
number  of  substitutions  made  in  the  course  of  fifteen  trials 
of  ten  minutes  each,*  one  of  the  groups  (i-i)  practicing 
once  a  day,  the  other  (2-1)  twice. 

Starch  ['12]  had  forty-two  students  practice,  for  two 
hours  in  all,  in  substituting  numbers  for  letters  in  a  passage, 
using  the  key  and  blank  shown  in  Figs.  54  and  55.  Twelve 
of  these  worked  ten  minutes  at  a  time  twice  a  day  for  six 
days.  Fourteen  of  them  worked  twenty  minutes  at  a  time 
once  a  day  for  six  days.     Nine  of  them  worked  forty  minutes 

*  I  infer  that  this  is  the  time  from  the  results  of  similar  experiments* 
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Fig.   55.     The  Arrangement  of 


Text  Used  in  the  Substitution  Tests  of  Dearborn  and 
Starch. 
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at  a  time  every  other  day  for  six  flays.  Seven  of  them 
worked  without  rest  for  the  entire  one  hundred  and  twenty 
minutes.* 


_L 


Amount  of  exercise:   in   minntes. 

FiG.  56.  Improvement  in  Writing  Numbers  for  Letters  in  English  Text:  Two  Groups 
of  College  Studtnts.  After  Dearborn,  '10,  p.  383.  (The  curves  marked  1-1  and 
2-\  are  for  the  groups  practicing  x  minutes  once  a  day  and  x  minutes  twice  a 
day  respectively.) 

The  amount  done  in  each  successive  five  minutes  for  each 
group  is  shown  in  Fig.  57. 


*  The  differences  in  the  amount  of  improvement,  according  to  the 
way  that  the  practice  is  distributed  have  been  mentioned  here  only  to 
describe  the  experiments  clearly.  They  will  be  discussed  separately 
in   Chapter  VIII. 
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Bail*  ['02,  15  ff.]  studied  the  improvement  in  a  very- 
simple  form  of  typewriting,  only  six  keys  being"  used  and  only 
six  corresponding  colors  or  letters  arranged  in  a  fixed  'sentence' 
or  sequence  of  fifty-five  colors  or  letters.     The  time   taken 


Amount  of  exercise:  in  minutes. 

Fig.  57.  Improvement  in  Writing  Numbers  for  Letters  in  English  Text:  Four  Groups 
of  College  Students.  After  Starch,  '12,  p.  212.  (The  curves  marked  io-2-i, 
20-1-1,  40-J-2,  and  120  are  for  the  groups  practicing  10  minutes  twice  a  day,  20 
minutes  once  a  day,  40  minutes  every  other  day,  and  120  minutes  all  in  one  period, 
respectively.)      The  abscissa  does  not   start  at  zero,  but  at  5   minutes. 

to  write  this  series  without  error  was  taken  after  seven 
repetitions  of  it  at  fixed  rates  in  time  with  a  metronome;  then 
after  another  set  of  seven  such;  and  so  on  until  (including 
the  series  at  the  learner's  minimum  time  for  errorless  writing) 
one  hundred  and  twenty-eight  repetitions  were  made.  The 
average  time  for  four  subjects  was  6i  seconds  for  the  eighth, 
and  ;^yy2  seconds  for  the  hundred  and  twenty-eighth,  repetition. 
In  another  similar  experiment,  three  different  individuals 
repeated  the  same  series  at  maximum  errorless  rate  five  times 
a  day  for  seven  successive  days.  The  average  times  required 
for  the  first  and  thirty-fifth  repetition  were,  respectively,  74 
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and  40  seconds.  The  individuals  scored  62,  79,  and  82  in  the 
first  trial  and  40,  38.  and  42  in  the  thirty-fifth.  In  a  third 
similar  experiment,  but  with  seven  keys  and  with  letters 
instead  of  colors,  the  series  of  fifty-five  was  written  three 
times  daily  for  nine  days,  twice  with  the  metronome  at  one 
stroke  per  second,  and  once  as  rapidly  as  possible  without 
errors.  The  number  of  errors  at  the  specified  rate  dropped 
from  35  to  o;  the  time  at  maximum  errorless  rate  dropped 
from  79  at  the  end  of  the  first  day  to  47  at  the  end  of  the 
ninth. 

Bair  also  studied  the  simultaneous  formation  of  four  habits 
requiring  the  attaclmient  of  different  bonds  to  the  same 
general  situation  according  to  differences  in  the  mental  set. 
"Each  day's  experiment  was  as  follows :  First,  the  alphal:)et 
was  repeated  as  rapidly  as  possible  forward;  secondly,  the 
letter  w  was  intercepted  l)etween  each   (pair)   of  the  letters; 

Table  4. 

THE  SIMULTANEOUS  FORMATION  OF  FOUR  HABITS :  The  Time  Required 
to  say  A,  B,  C,  etc..  An,  Bn,  Cn,  etc.,  Z,  Y,  X,  etc.,  and  Zn,  Yn,  Xn, 
etc.    In  Seconds. 
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thirdly,  the  alphabet  was  repeated  as  rapidly  as  possible  back- 
ward; and  lastly,  the  alphabet  was  repeated  backward,  inter- 
cepting n  between  each  (pair)  of  the  letters."  [Bair,  '02,  p. 
28.]  The  full  records  for  three  subjects  in  the  first 
eleven  and  the  last  six  days  are  given  in  Table  4.  On  the 
whole,  an  initial  time  of  123.9  seconds  fell  to  24  seconds. 
Even  by  the  fifth  time  it  had  fallen  to  45.6  seconds. 

Improvement  in  the  case  of  adding  has  been  measured  by 
Thorndike   ['10],  Wells    ['12],  Kirby    ['13],  and  others. 

Thorndike's  experiment  consisted  in  adding  daily,  for  seven 
days,  forty-eight  columns,  each  of  ten  numbers  (no  I's  or 
o's  being  included).  Seven  printed  blanks  had  been  arranged 
of  equal  difficulty.*  The  forty-eight  sums  were  written.  The 
time  required  was  recorded  in  seconds.  The  subjects  were 
nineteen  university  students — eight  men  and  eleven  women. 

The  time  taken  and  the  number  of  examples  wrong  for 
each  set  for  each  of  the  nineteen  subjects  are  recorded  in 
Table  5.  Table  6  repeats  Table  5  with  an  addition  of  one 
per  cent  of  the  time  for  forty-eight  examples  for  each  example 
wrong.  That  is,  I  estimate  that  half  the  time  for  one  example 
is  a  just  allowance  to  balance  its  inaccuracy. 

Calling  the  work  of  writing  down  the  sum  of  the  ten 
numbers  the  equivalent  of  one  single  addition  of  two  numbers 
and  expressing  the  facts  in  terms  of  the  number  of  single 
additions  made  at  perfect  accuracy  per  five  minutes,  the  first 
and  seventh  days'  scores  were  as  shown  in  Table  7.  The 
'time  spent  in  practice'  as  recorded  in  this  table  is  not  the 
total  time,  but  the  time  from  the  point  for  which  initial  effici- 
ency was  measured  (tliat  is.  a  point  at  the  middle  of  the 
first  day's  practice  period)  to  the  point  for  which  final 
efficiency  was  measured  (that  is,  a  point  at  the  middle  of 
the  last  day's  practice  period). 

*  The  improvement  is  measured  from  the  average  of  series  i  to  ti*e 
average  of  series  7,  that  is,  over  6  X  48  examples,  each  involving  tii»< 
additions. 
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Table  6. 

improvement  in   addition  :     adults  : 

Scores  Reduced  to  Single  Variables  by  Allowance  for  Examples  Wrong. 
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In  a  similar  experiment,  but  with  twenty-nine  fourth- 
grade  pupils  as  the  learners,  Donovan  and  Thorndike  [13] 
found  that  in  thirty  periods  of  two  minutes  each,  two  a  day 
for  three  school  weeks,  the  average  number  of  examples  done 
correctly  rose  from  2^  to  4^  per  minute. 

Kirby  ['13]  tested  over  700  children  in  grade  4  before  and 
after  sixty  minutes  spent  in  practice  at  column  addition*  of 
the  sort  just  described.  They  changed  from  an  average  score 
of  approximately  31  columns,  24  columns  being  added  cor- 
rectly, to  a  score  of  approximately  50  columns,  37  being  added 

*  The  arrangement  in  the  case  of  addition  was  75  minutes  practice 
in  all,  the  work  of  the  first  and  last  fifteen  minutes  being  compared. 
This  comparison  gives,  then,  the  approximate  eflfect  of  sixty  minutes 
of  practice. 
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Table   7. 

improvement  in  addition  :     adults  : 

Amount  of  Improvement  in  Relation  to  Length  of  Practice  and  Initial 
Ability  (after  Thorndike  ['10]  ). 
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correctly.  That  is,  they  gained  over  fifty  per  cent  in  speed, 
maintaining  almost  exactly  the  same  accuracy.  This  work 
was  done  under  school  conditions  as  an  educational  experi- 
ment, and  it  was  possible  for  any  child  to  spend  time  outside 
in  practice  with  addition.  It  is  unlikely  that  many  children 
did  this,  however.  Kirby's  results  have  been  confirmed  by 
Hahn  ['13]. 

Kirby  also  tested  over  600  children  in  grade  3  before  and 
after  fifty  minutes  practice  with  division,  *  using  printed 
blanks  of  mixed  example  such  as : 

*  The  arrangement  in  the  case  of  division  was  60  minutes  practice 
in  all,  the  work  of  the  first  and  last  ten  minutes  being  compared.  This 
comparison  gives,  then,  the  approximate  effect  of  fifty  minutes  of  practice. 
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50  =  6s  and  remainder  29  =      3s  and      remainder 

43  ~  7s  arid  remainder  35  ==       4s  and       remainder 

75  ^^  9^  ^"d  remainder         62  = 8s  and       remainder 

37=  4s  and  remainder         33== 5s  and remainder 

The  children  changed  from  an  average  score  of  about  40 
examples,  with  2i7  correct,  to  a  score  of  about  j}^  examples 
with  70  correct.  They  nearly  doubled  the  amount  done  with- 
out any  decrease  in  accuracy.  Like  the  addition  experiment, 
this  is  subject  to  possible,  but  probably  very  slight,  influences 
from  work  done  outside  the  practice  periods  themselves.  * 

Wells  ['12]  found,  with  ten  adult  subjects  (hospital 
nurses),  in  oral  addition  of  one-place  numbers,  printed  ver- 
tically one  close  above  the  other  (and  in  convenient  columns), 
that  150  minutes,  distributed  over  five  weeks  six  days  a 
week,  raised  the  amount  done  to  nearly  double  without  (if 
I  understand  him)  decreasing  the  precision.  A  rough  compu- 
tation from  Wells's  curves  gives  the  average  ratio  of  the 
work  of  tlie  thirtieth  to  that  of  the  first  day  as  1.96,  the 
individual  scores  being,  as  estimated  from  the  curves,  those 
shown  in  Table  8.  The  separate  initial  and  final  status  of  each 
individual  will  be  found  in  Table  8,  and  also  in  Figs.  75  and 

76  on   page  236.     The   nature  of   the  work   is   more   fully 
described  on  page  235. 

Improvement  in  Typewriting  and  Short-hand 

Swift  [04]  practiced  typewriting  by  the  sight  method  for 
an  hour  a  day  for  fifty  days,  making  in  the  last  five  days 
scores  of  about  1060  words  per  hour,  or  lyYi  words  per 
minute. 

Schuyler  [Swift  and  Schuyler,  '07]  practiced  thirty  min- 
utes a  day  at  typewriting  by  the  sight  method,  for  sixty-six 

*  For  the  details  of  these  experiments,  see  T.  H.  Kirby,  The  Results 
of  Practice  under  School  Conditions,  shortly  to  appear  in  Teachers  College 
Contributions  to  Education. 
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Table  8. 
improvement   in   addition  :    adults  : 

Amount  of  Improvement  in  Relation  to  Length  of  Practice  and  Initial 
Ability   (after  Wells    ['12]  ). 


Individual 
and  Sex 

Number  of  Additions  in  Five 
First  day           Thirtieth  day 

Minutes 
Gross  gain 

Percentage  which 

amount  done  on  3otli 

day  was  of  amount 

done  on  ist  day 

I    f 

150 

280 

130 

187 

2  m 

180 

380 

200 

211 

3  ra 

200 

430 

230 

215 

4f 

230 

380 

160 

173 

5  n« 

225 

368 

143 

164 

6  ra 

225 

460 

235 

304 

7f 

235 

570 

335 

243 

8f 

250 

440 

190 

176 

9f 

a6o 

540 

280 

'2dS 

10  m 

290 

540 

250 

186 

days.  He  had  had  practice  with  a  different  sort  of  machine 
two  years  before,  but  showed  no  signs  of  any  lielp  from  this 
either  in  his  initial  abihty  or  rate  of  improveinent.  Of  the 
sixty-six  days  thirteen  or  fourteen*  were  given  up  to  rewriting 
a  single  sentence  and  had  apparently  no  beneficial  effect  on 
the  general  function.  It  improved  apparently,  by  the  fifty 
half-hours  of  regular  practice  only,  from  an  initial  half  hour's 
score  of  1250  strokes  with  2%  errors  to  one  of  approximately 
3350  strokes  with  not  quite  15^%  of  errors. f  Using  the 
average  score  for  a  minute,  we  have  42  strokes  and  112 
strokes.  In  words  per  minute  this  would  l>e  a  change  of 
approximately  from  6  to  16. 

Book  ['08]  found  with  two  adults,  X  and  Z,  that  practice 
at  typewriting  by  the  sight  method  30  minutes  a  day.  for  174 
and  86  days,  respectively,  produced  the  improvement  shown 
in  Fig.  58  and  Fig.  59.  Practice  in  typewriting  by  the  touch 
method  for  an  hour  a  day  for  130  days  produced  in  Y  the 

*  The   report    is   not  clear   as   to   the   number. 

1 1   use  the  average  of  the  first   two   half-hours    for  the   early   score, 
and  the  average  of  the  last   four  half-hours  for  the  late  score. 
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improvement  shown  in  Fig.  6o.  Practice  in  writing  by  the 
touch  method  for  an  hour  a  da}^  for  X,  begim  five  months 
after  the  end  of  his  learning  by  the  sight  method,  produced 


0  10  20  30 

.■\iiioiint  of  ixercisi-:   in  hours. 


40 


Fig.   58.     Improvement  in   Typewriting  by  the  Sight  Method:   Subject  X.     After  Bool«, 
'08,   Plate  opposite  p.   21. 


0  10  20  30 

Amount  of  exercise:   in  hours. 


40 


Fig.  59.     Improvement  in  Typewriting  by  the  Sight  Method:   Subject  7..     After  Book, 
'08,   Plate  opposite   p.   21. 

the  improvement  shown  in  Fig.  6i.  These  figures  (58-61, 
inchisive)  represent  the  average  work  of  the  first  ten  minutes 
of  practice  on  any  day.  scored  in  the  number  of  'strokes' 
made  per  minute.      "Each   letter   and   mark   of   punctuation. 
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not  requiring  a  shift  of  the  carriage,  was  counted  as  one  stroke ; 
striking  the  word-spacer  was  counted  as  half  a  stroke ;  making 
a  capital  or  any  mark  requiring  the  use  of  the  'shift  key' 


0     10    zo    30     40    50    W) 
Amount  of  exerdse:  in  boars. 


70      60      90     !00     110     llO 


Fig.    60.      Improvement    in    Tj^ewriting    by    the    Touch    Method:    Subject    Y. 
Book,  '08,  Plate  opposite  p.  21. 


After 


0      10     20     30     40     50      60 

Length  of  practice:  in  hours. 

Fig.  61.  Improvement  in  Typewriting  by  the  Touch  Method:  'Subject  X.  After 
Book,  '08,  Plate  opposite  p.  21.  (Subject  X  began  writing  by  the  touch  method 
after  the  practice  with  the  sight  method  shown  in  Fig.   58.) 
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was  counted  as  two  strokes;  moving  the  carriage  back  to 
make  a  line  was  counted  as  three  strokes."  ['08,  p.  18]  The 
percentage  of  errors  is  stated  by  Book  only  for  subject  X  at 
the  end  of  his  touch-method  practice.     It  was  then  2.2. 

The  improvement  of  X  and  Z  by  the  sight  method  was  as 
great,  say,  as  from  6  words  per  minute  to  21  and  to  22.  The 
improvement  of  Y  and  X  by  the  touch  method  was  as  great, 
say.  as  from  8  and  4  words  per  minute  to  30  and  23. 

Rejall  ['13]  practiced  writing  a  page  of  approximately 
300  words  at  a  sitting  by  the  sight  method,  a  new  page  at 
each  sitting,  there  being  a  sitting  daily  (except  Sundays,  or 
by  reason  of  some  special  circumstances).  He  also  wrote  the 
same  paragraph  of  100  words  once  on  each  of  these  days. 
This  latter  practice  added  alx)ut  25  per  cent  to  the  times  which 
T  shall  use  as  measures  of  practice ;  it  is  doubtful  whether, 
after  the  very  first,  it  was  of  much  value.  The  reader  may 
count  it  for  what  he  pleases,  increasing  the  times  given  here 
by  5,  10,  15.  20,  or  even  the  full  25  per  cent.  Hill  ['13] 
])racticed  in  just  the  same  way. 

At  the  first  writing,  they  required  43  minutes  50  seconds 
and  42  minutes  to  complete  the  page,  writing  at  the  rate  of 
6.8  and  7.1  words  per  minute,  with  34  and  57  errors.  This 
improvement  was  as  follows : 

.\fter  10      hours  of  practice  R  wrote  16.3  words  per  minute :  2>^       errors 

13 

II 

"  "  1 1 

10?^ 

8J/3 

*  I    use   the  average   for   three  successive   days   to  determine   R's   and 
H's  ability  after  30  hours. 

Swift  ['03]  Studied  short-hand  sixty-eight  days  for  an 
hour  and  a  half  a  day.  writing  James'  Talks  to  Teachers 
from  dictation  and  reading  his  own  copy  written  ten  days 
or  more  before.  The  improvement  in  writing  was  as  shown 
in  Fig.  62,  each  point  on  the  curve  representing  the  average 


10.3 

H       ' 

'       13-3 

20.g        " 

R       ' 

'       194 

19.6        " 

H      ' 

'       17-5 

30%        " 

R 

25.2 

29Yi           " 

H       ' 

20.9 

AMOUNT,    RATE    AND    LIMIT    OF    IMPROVEMENT 


141 


of  three  successive  days  {i.e.  tlie  first  point  is  for  days  i,  2 

and  3;  the  second,  for  days  2,  3  and  4,  and  so  on).     In  the 

last  three  days  of  the  sixty-eight,  writing  was  done  at  the 

30 


15 


10 


3  J5 

£ 
o 
-  10 
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Days  of  practice:  90  minutes  study  daily. 

Fig.    62.      Improvement   in   Copying  a  Text  in   Short-hand.     After   Swift,   '03,  p.    236. 
A  line  equals  a  line  of  James   Talks  to   Teachers,  or  about  eight  and  a  third  words. 

rate  of  3  lines  a  minute  (about  no  letters,  or  somewhat  over 
two  lines  such  as  make  up  this  page).  The  improvement  in 
reading  was  such  that  in  the  last  five  days  of  sixty-eight 
what  would  make  about  a  line  and  a  half  of  James'  Talks  to 
Teachers,  or  a  line  and  a  tenth  of  this  book,  could  be  read 
per  minute.  The  copy  here  happened  to  be  hard  and  a  rate 
of  nearly  two  lines  of  the  Talks  to  Teachers,  or  nearly  a  line 
and  a  half  of  this  book,  had  been  attained  previously. 

Improvement  in  Ability  to  Memorize 

Ebert  and  Meumann  ['05]  found  with  six  adult  subjects, 
that  the  last  four  of  twenty-four  series,  each  of  twelve  nonsense 
syllables,  two  of  which  were  learned  per  day,  required  on  the 
average  12^  repetitions,  instead  of  the  1654  repetitions  re- 
quired per  12  syllable-series  in  the  first  four.  Besides  the 
intervening  practice  in  learning  the  series,  each  was  also  re- 
learned,  so  that  the  drop  from  i6>4  to  12I/2  is  attributable  to 
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the  learning  of  twenty  series,  plus  about  half  as  much  time 
spent  in  releaming. 

The  improvement  in  relearning  after  twenty-four  hours 
was  from  an  initial  average  of  6j^  repetitions  to  an  average 

of  s'A- 

After  learning  and  relearning  eight  more  12-syllable  series 
and  a  considerable  amount  of  miscellaneous  memory  drill, 
an  average  of  gVa  repetitions  was  required  in  the  next  four 
series  for  the  learning  (per  12-syllable  series)  ;  and  4^/2  for 
the  relearning. 

After  a  total  of  forty-four  series,  each  of  twelve  nonsense 
syllables,  had  h^tn  learned  and  relearned,  plus  the  miscel- 
laneous drill  alx>ve  mentioned,  the  next  four  series  showed 
an  average  requirement  of  7.8  repetitions  for  learning  a  series ; 
and  3.1  repetitions  for  relearning  it. 

Three  of  the  subjects,  who  at  the  outset  had  requirements 
of  14^,  15^4  and  i\y%,  and  at  the  last  described  stage,  of 
7^4 »  8^  and  6^  repetitions,  continued  the  practice  for  sixteen 
more  series.  They  required  on  the  average,  in  the  last  four 
of  these,  4,  5)4  and  2.9  repetitions. 

The  author  ['08]  measured  the  ability  to  learn  the  English 
equivalents  of  German  words,  in  twenty-two  educated  adults, 
during  twelve  hours — an  hour  daily  excei)t  Sundays — and 
found  no  improvement.  The  score  was  the  number,  out  of 
100  words  studied,  that  could  Ije  correctly  translated  at  the 
end  of  the  hour,  the  order  being  a  new  one. 

"In  the  general  capacity  to  form  the  associations  well 
enough  to  retain  them  at  the  end  of  the  hour  there  was  no 
demonstrable  improvement;  that  is,  none  in  the  course  of  the 
first  round  of  twelve  hours.  No  more  words  were  learned  in 
the  last  six  hours  than  in  the  first.    The  facts  are  as  follows : 

Ab.,  G.,  Hi.,  Hy.  and  M.  R.,  for  whom  the  100  words 
per  hour  were  a  sufficient  test,  averaged  for  the  12  successive 
periods  (in  order)  : 

41     41     53     48     46     36     51     44     45     4^     Z7     54 
or,  by  twos, 

41     50.5     41     47.5     43.5     45.5 
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Du.,  Ki.  and  J.  R.,  for  whom  the  lOO  words  per  hour 
were  probably  a  sufficient  test,  averaged  : 

86     87     92     87     81     85     85     91     82     83     83     84 
or,  by  twos, 

86.5     89.5     83     88     82.5     83.5 
or,  bv  fours, 

88    85    83 
For  Ag-.,  Bar.,  But..  E.,  G.,  Ke.,  J.,  L.,  Ro.  and  T.,  for 
whom  the  test  was  too  easy,  our  best  estimate  is  the  number  of 
records  95  or  over  at  each  period.     These  are : 

88996     10    868788 
or,  by  twos, 

16     18     16     14     15     16 

Bur.,  Ru.  and  S.,  whose  twelve  trials  were  with  varying 
amounts  to  be  studied,  showed  no  appreciable  practice  effect. 

The  absence  of  practice  effect  in  the  case  of  this  score  of 
educated  adults  must  not  be  assumed  to  be  proof,  or  even  im- 
portant evidence,  that  in  general  the  capacity  to  form  and 
retain  paired  associations  is  not  susceptible  to  improvement  by 
training.  With  subjects  who  in  their  every-day  life  did  not 
have  already  a  vast  amount  of  such  training,  the  result  might 
well  be  different.  It  is  significant  that  my  subjects  did  not  to 
any  considerable  extent  vary  their  methods  of  study  in  the 
course  of  the  experiment.  They  all  came  to  use  the  method 
of  'recall,'  that  is,  of  covering  up  the  English  words  (after 
studying  them  for  a  brief  period)  and  trying  to  recall  them 
at  the  sight  of  the  German  words,  verifying  their  memories 
thereafter  and  refreshing  their  memories  by  the  percepts  only 
when  necessary.  And  with  very  few  exceptions  they  used  this 
method  from  the  start.  One  result  of  practice  did  appear. 
The  work  became  easier  in  the  sense  of  being  more  interesting, 
less  objectionable."  ['08,  p.  135  f.] 

Dearborn  finds  that  "Memory  for  all  sorts  of  material  is 
capable  of  marked  improvement  in  the  case  of  practically  all 
save  those  who  are  already  considerably  practiced"  ['10,  p. 
384],  instancing  as  samples  the  eight  cases  of  Table  9. 

Dearborn's  experiment  with  vocabularies  differed  from  the 
author's  in  that  the  aim  was  retention  only  for  the  time  being; 
and,  apparently,  in  that  the  subject's  opinions  were  relied  on 
as  tests  of  the  completeness  of  the  learning;  and  in  that  the 
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knowledge  of  the  words  in  the  order  used  in  learning  sufficed. 
In  so  far  as  these  three  differences  did  exist,  the  first  trials 
of  Dearborn's  subjects  probably  represented  some  'over- 
learning,'  and  their  'best  records'  some  'under-learning.'  While 
there  is  no  doubt  that  improvement  is  possible  in  this  function, 
his  results  perhaps  exaggerate  somewhat  the  amount  of  it  to 
be  expected  in  adults. 

Table  9. 
IMPROVEMENT  IN  APiLiTY  TO  MEMORIZE  (after  Dearborn   ['10]  ). 
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Words 

I 

63/3 

50 

21 

1050 

30 

13 

2 

6 

35 

20 

700 

30 

12 

3 

6 

35 

18 

630 

30 

14 

A 

SWo 

30 

22 

660 

2>2, 

15 

5 

7% 

30 

20 
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40 
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Learning  poetry. 

Lines 

7 

iVz 

32 

15 

480 

38 

7 

8 

2,% 

18 

16 

288 

30 

8 

10 

4* 

17 

13 

221 

30 

12 

*  Approximate. 

Winch  ['04  and  '06]  has  shown  that  the  ability  to  grasp 
and  hold  in  mind  in  their  order  twelve  consonants  seen  or 
heard  improves  rapidly  in  school  children.  From  the  first 
to  the  fifth  ten  of  fifty  12-element  series,  the  score,  in  one 
such  experiment,  changed  from  15  to  23  out  of  a  possible  36. 
Winch  ['12]  also  found  a  gain  from  15.3  to  16.6  out  of 
a  possible  18.0  as  a  result  of  seventy*  tests  in  immediate 
memory  of  an  auditory  series  of  six  letters,  in  the  case  of 

*  Eighty  tests  were  given ;  improvement  was  reckoned  from  the  score 
of  the  first  ten  to  the  score  of  the  last  ten. 
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children  of  the  IVth  standard  averaging  ii  years  i^  months 
at  the  beginning  of  the  experiment. 

Sleight  [*ii]  had  a  group  of  children  tested  three  times 
with  ten  varieties  of  memorizing,  with  intervals  of  three 
weeks,  the  time  spent  in  memorizing  any  one  of  the  ten 
varieties  being  on  the  average  only  a  few  minutes,!  and  the 
total  time  from  the  mid-point  of  the  first  test  to  the  mid-point 
of  the  third  being  probably  not  over  two  hours.^  In  even  so 
brief  training  there  was  notable  improvement,  the  gain  being 
as  shown  below. 


/ 
Jty  of  memorizing 

Score  in 
first  test 

Score  in 
third  test 

Gross 
eain 

Percentage 

which  gross 
eain  was  of  the 

variability  of 

the  group 

(Mean   Square 

Deviation*) 

Points 

739 

86.5 

12.6 

54 

Dates 

14.4 

18.1 

3-7 

36 

Nonsense   Syllables 

20.7 

22.8 

2.1 

25 

Poetry 

58.5 

63.8 

5-3 

42 

Prose    (literal) 

109.8 

1 18.6 

8.8 

37 

Prose    (substance) 

27-5 

30.5 

30 

yj 

Map  Test 

63.9 

72.4 

8.5 

57 

Dictation 

134- 1 

1390 

4.9 

35 

Letters 

76.1 

80.2 

4.1 

29 

Names 

32.7 

41.4 

8.7 

74 

*  The   reader   unfamiliar  with   this   term   may  neglect   the   numbers   in 
this  column. 


Sleight  also  found  notable  improvement  when  adults  were 
the  learners,  even  though  only  two  sets  of  tests  were  given. 
In  this  case  only  six  varieties  of  memorizing  were  tested.  The 
gains,  expressed  each  as  a  percentage  of  the  variability  of  the 


t  Sleight's  descriptions  of  these  tests  and  of  the  amount  of  exercise 
afforded  by  them  are  quoted  in  Chapter  XII.  He  does  not  state  the  time 
spent  definitely  as  such,  nor  in  every  case  tell  just  what  the  amount  done 
was. 

t  This  is  a  very  rough  estimate,  a  precise  one  not  being  allowed  by 
Sleight's  report. 
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function  in  question  in  the  group  in  question,*  were  [Sleigfht, 
'II,  p.  430]  : 

Dates  3 

Nonsense  Syllables      66 

Poetry  14 

Prose    (literal)  35 

Prose   (substance)  16 

Letters  34 

Improvement  in  Mental  Multiplication 

This  work,  first  used  as  material  for  experiments  in  practice 
by  the  author,  ['08a]  requires  some  description.  I  quote  the 
necessary  paragraphs. 

"After  preHminary  training  with  three  or  four  examples 
in  mental  division  of  a  6-place  by  a  2-place  num])er,  and 
two  examples  in  mental  multiplication  of  3-place  by  a  3-place 
numl^er,  28  individuals  multiplied  mentally  from  50  to  96 
examples  like  those  quoted  below. f  which  are  a  random 
selection  in  random  order  of  the  examples  made  by  putting 
any  3-i)lace  number  containing  no  digit  lower  than  3  and 
repeating  no  digit,  with  any  other  such  3-place  numl)er.   .  .  . 

Each  example  was  done  as  follows.  A  time  at  which  to 
start  was  set  and  recorded.  At  this  time,  say  a.  m.  8  hours 
40  minutes  30  seconds,  the  example  was  taken  up,  looked  at 
long  enough  to  fix  the  two  numbers  in  memory  so  well  that 
they  could  be  repeated  from  memory  and  further  memorized 
without  the  paper.  The  example  was  then  laid  aside,  no 
sensory  aids  were  used,  and  when  the  full  answer  was  obtained 
it  was  written  down  and  the  time  recorded  when  the  last 
figure  of  it  had  been  written.  If  the  subject  was  interrupted 
ah  extra  as  by  a  knock  at  the  door,  the  record  was  omitted, 
^e  same  example  being  done  a  day  or  so  later.  The  subjects 
were  allowed  to  examine  their  results  in  comparison  with  the 
correct  answers.  [As  a  rule  five  or  six  examples  were  done 
per  day.] 

When  it  is  desirable  to  have  a  single  measure  of  efficiency, 
I  transmute  errors  into  time  by  adding  Mo  of  the  time  taken 
per  example  in  lieu  of  each  error  made.     Thus  a  record  of 

*  I   regret  to  use  here  so  technical  a  measurement,  but  Sleight  gives 
the  facts  only  in  this  form. 

^  657          398         479         358  589  395         396         864  739  983 

964         367         476         537  745  359         953         659  459  394 
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200  seconds  and  i  error  for  an  example  becomes  220; — a 
record  of  2,500  seconds  and  13  errors  for  ten  examples  be- 
comes 2,500+  (13  X  ^^%o),  or  2,825.  •  •   • 

The  facts  from  which  the  amount  of  improvement  is 
estimated  are  the  records  of  the  first  five  examples  done  and 
the  first  five  of  the  last  six  done,  taken  in  connection  with  the 
time  of  day  when  it  differed  in  the  two  cases.     The  scores  for 

Table  ii. 
IMPROVEMENT   IN    MENTAL   MULTIPLICATION    (after    Thorndike    ['08]  ). 


Exampl 

es  1-5 

Examples  gi-gs 

Individual 
Sex 

Time  re- 
quired :  in 
seconds 

Wrong 
figures  in 
the  five 
answers 

Time  re- 
quired :  in 
seconds 

Wrong 
figures  in 
the  five 
answers 

Time   spent   in 
practice :  Ex- 
ample 3  to 
Example  93 

I 

F 

IOJ2 

16 

764 

I 

5-2 

2 

F 

1243 

22 

680 

18 

5.8 

3 

F 

2040 

2 

880 

3 

6.5 

4 

M 

2130 

7 

600 

I 

3-7 

5 

F 

3000 

12 

1230 

5 

8.9 

6 

M 

131 5 

5 

867 

3 

5-5 

7 

¥ 

2185 

16 

1803 

5 

15.8 

8 

F 

1980 

14 

990 

II 

5.6 

9 

F 

1370 

15 

S50 

2 

4-3 

10 

F 

2400 

12 

1230 

10 

6.5 

II 

F 

3535 

12 

1915 

5 

1 1.4 

12 

F 

2834 

23 

1511 

ID 

11-3 

13 

M 

2765 

6 

377 

6 

5-2 

U 

F 

900 

3 

515 

3 

4-9 

15 

F 

5340 

0 

2369 

0 

14.4 

16 

F 

1870 

12 

450 

I 

5-3 

17 

F 

2665 

19 

637 

ID 

6.5 

18 

M 

3000 

16 

960 

9 

8.9 

19 

F 

2235 

4 

1080 

0 

8.0 

20 

F 

2040 

15 

825 

3 

7.3 

21 

M 

2530 

II 

725 

17 

6.9 

22 

M 

2368 

2 

971 

0 

7.2 

23 

F 

1590 

13 

950 

14 

6.6 

24 

F 

1857 

2 

740 

12 

6.2 

25 

F 

3010 

21 

1500 

7 

9-4 

26 

M 

156s 

6 

780 

5 

5.2 

27 

M 

2720 

5 

820 

4 

7-1 

2S 

M 

3525 

9 

1022 

10 

8.0 

Average  time  spent,  7.4 
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the  first  five  and  the  last  five  (omitting  the  ninety-sixth  ex- 
ample) examples  were  as  shown  in  Table  1 1.  [The  approximate 
time  spent  from  the  third  to  the  ninety-third  example  is  also 
shown  in  Table  11.]  By  observing  the  gross  scores,  and 
not  only  the  scores  as  equated  for  errors,  but  also  the  cases 
where  the  initial  and  final  records  were  identical  in  respect 
to  accuracy,  we  can  make  a  reasonable  prediction  concerning 
the  reduction  in  time  which  would  have  occurred  had  the 
individual  worked  at  the  beginning  and  at  the  end  of  the 
practice  with  the  same  accuracy. 

The  ratios  of  such  scores  for  the  last  five  examples  to 
those  for  the  first  five  were  as  follows:  .14,  .20,  .21,  .23, 
.26,  .28,  .29,  .30,  .31,  .32,  .34,  .36,  .39,  .42,  .42, 
.44,  .47.  .48,  .50,  .50,  .50.  .50,  .52,  .58,  .59,  .60, 
.64,  .70.*  The  median  is  .42.  [The  amount  of  time  spent  in 
attaining  this  improvement  varied,  of  course,  the  individuals 
being  alike  in  the  number  of  examples  done.  The  time  ranged 
from  under  four  to  over  fifteen  hours.  The  ordinary  college 
graduate,  spending  seven  hours  in  such  practice,  will  make 
on  the  average  such  improvement  as  to  do  the  same  amount 
to  the  same  accuracy  in  two  fifths  of  the  original  time.  That 
is.  he  will  do  two  and  a  half  times  as  much  per  unit  of  time. 
The  improvement  from  the  very  first  example  to  the  last  five 
would  be  greater  than  this.] 

This  estimate  of  the  general  amount  of  improvement  would 
be  very,  very  slightly  altered  l)y  any  reasonable  system  of 
equating  errors  and  time.  This  can  be  demonstrated  by  actual 
trial  of  such  systems,  and  also  by  taking  those  cases  where 
the  difference  in  accuracy  between  the  first  and  last  five 
examples  was  nil  or  slight.  For  the  eleven  such  individuals 
the  median  of  the  ratios  of  the  scores  of  the  last  five  examples 
to  the  corresponding  ratios  of  the  first  five  was  .41."  ['08, 
P-  374  ff-] 

Whitley  [11]  had  nine  subjects  do  examples  such  as 
those  described,  but  with  the  two  numbers  themselves  con- 
stantly exposed  to  view,  three  a  day  for  twenty  days  (ex- 
cluding Sundays).!     The  records  for  the  first  three  examples, 

*  These  ratios  do  not  follow  the  order  of  Table  n,  but  the  order  of 
their  own  magnitude. 

^  The  work  differed  in  certain  minor  respects  from  that  described.  Few 
the    details,   see   Whitley,   '11,   p.    113   and  p.    I25ff. 
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the  last  three  and  the  approximate  time  spent  from  Example 
2  to  Example  59  are  given  in  Table  12.  It  appears  that, 
by  any  rational  scheme  of  equating  errors  and  amount,  the 
group  would  have  done  over  twice  (and  probably  over  two 
and  a  half  times)  as  much  work  of  equal  quality  at  the  end, 
as  at  the  beginning,  of  practice. 

Table  12. 

IMPROVEMENT     IN     MENTAL     MULTIPLICATION      (after    Whitley     ['ll]  ). 


Exampl 

as  1-3 

Examples  s3-6o 

Time  spent  in 

idual 

Time  re- 
quired : 
seconds 

Wrong 
figures  in 
answers 

Time  re- 
quired : 

secou  is 

Wrong 

figures  in 
ansv,-  :rs 

practice:  Ex- 
ample 2  to 
Example  59 

Ev. 

1200 

0 

600 

3 

3% 

H. 

2055 

0 

375 

I 

4^ 

J. 

900 

II 

510 

9 

254 

Sch. 

1233 

4 

450 

6 

3yi2 

C. 

900 

5 

26s 

I 

2j^ 

P. 

880 

7 

310 

7 

iV4 

Co. 

660 

13 

540 

9 

2iyi2 

Nb. 

S40 

3 

310 

I 

2V3 

Sa. 

466 

4 

292 

0 

IV2 

Averages 

1015 

5-2 

406 

41 

2.8 

Starch  ['11]  found  with  eight  subjects  that  mental  multi- 
plication of  a  three-place  by  a  one-place  number  improved 
in  the  course  of  doing  700  such  examples,  50  a  day,  as  shown 
in  Table  13. 

Table  13. 

IMPROVEMENT    IN    MENTAL    MULTIPLICATION     (after     Starch     *). 


lividual 

s. 

D.S. 

F. 

V. 

W. 

H. 

Si. 

B. 

Examples 

Examples 

done  per  lo 

minutps  on 

1st  day 

done  per  lo 

minutes  on 

14th  day 

Gross 
gain 

Percentile  gain 

25 

62.5 

37-5 

ISO 

37-7 

81 

43-3 

IIS 

23.8 

45-4 

21.6 

91 

41.7 

714 

29.7 

71 

14-7 

29 

14-3 

97 

37 

100 

63- 

170 

25 

29.8 

4.8 

19 

23.4 

66 

42.6 

182 

*  The  data  used  in  making  this  table  do  not  appear  in  Starch's  original 
article,   but   were  kindly   furnished   by   him. 
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Improvement  in  Reading  Russian 

Swift  ['06]  studied  Russian  for  two  hours  in  preparation, 
and  then  for  forty-five  minutes  a  day  for  sixty-six  days, 
successive  except  for  Sundays,  "each  day's  work  consisted  of 
thirty  minutes'  study  immediately  followed  by  a  fifteen 
minutes'  test  of  reading  ability.  The  daily  preliminary  study 
of  thirty  minutes  was  carried  on  in  a  perfectly  natural  way, 
the  time  being  divided  between  the  vocabulary  of  the  lesson 
to  be  read  in  the  following  test,  conjugations,  declensions, 
and  practice  in  reading  review  exercises,  as  the  needs  of  the 
day  suggested  .  .  .  though  every  moment  was  utilized,  there 
was  no  attempt  to  'spurt.'  The  work  in  lx)th  the  study  and 
the  test  was  done  without  strain.  ,  .  ."    ['06,  p.  297  f.] 

In  the  last  nine  test-periods  he  averaged  sixty-five  words 
translated  in  fifteen  minutes  in  Werkhaupt  and  Roller's 
Russian  Reader*  or,  say,  a  page  the  size  of  this  in  an  hour 
and  a  quarter. 

These  measurements  of  the  rate  of  improvement  of 
functions,  when  deliberately  exercised  in  order  to  improve 
them,  suggest  four  general  facts:  the  apparent  universality 
of  improvement,  its  very  rapid  rate  under  the  conditions  of 
the  practice  experiment,  the  differences  amongst  individuals 

*  The   rules   for    scoring   were: 

"i.     Proper  names  were  not  included  in  the  count. 

2.  When  the  same  word  was  immediately  repeated  so  that  the  know- 
ledge was  directly  carried  from  one  to  the  other  the  word  was  counted 
only  once. 

3.  When  an  intelligible  meaning  could  not  be  found  for  a  sentence 
the  words  were  not  counted. 

4.  If,  at  the  close  of  the  test,  a  sentence  was  left  unfinished,  only 
those  words  were  counted  whose  significance  was  clear  in  connection  with 
the  meaning  of  the  sentence  to  that  point. 

5.  During  the  test  the  vocabulary  of  the  lesson  was  covered  with 
paper  and  not  referred  to  until  the  attempt  had  been  made  to  find  the 
word  in  the  general  vocabulary  at  the  end  of  the  book,  and  also  in  the 
vocabulary  of  the  reader.  If  the  word  was  not  found  in  either  of  these 
places  it  was  then  sought  in  the  vocabulary  of  the  exercises  for  the  day." 
['06,  p.  298.] 
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in  rate  of  improvement  in  the  same  function,  and  the  dif- 
ferences amongst  functions  in  rate  of  gain  per  hour.  The 
description  of  the  last  two  facts  will  lead  to  a  fifth  topic 
— the  means  of  comparing  individuals  and  functions  in  respect 
to  amount  and  rate  of  improvement.  These  topics  will  be 
discussed  in  order. 

THE  FREQUENCY  OF  IMPROVEMENT 

So  far  as  I  am  aware  of  the  facts,  no  mental  function 
has  ever  been  deliberately  practiced  with  an  eye  to  improv- 
ing it,  and  with  proper  opportunity  for  the  law  of  effect  to 
operate,  without  some  improvement  as  a  result.  There  have 
been  cases  where  one  investigator  has  failed  to  find  improve- 
ment, but  where  others  have  found  it.  There  have  been  cases, 
of  course,  where  certain  individuals  failed  to  improve.  And 
there  may  be  cases  of  zero  improvement  unreported  because 
the  investigator,  finding  no  result  from  practice,  said  nothing 
about  it.  On  the  whole,  however,  it  seems  fairly  safe  to  say 
that  all  functions  that  anyone  is  likely  to  ever  take  any 
theoretical  or  practical  interest  in  are  improvable  unless  the 
general  practice  of  life  has  already  put  them  at  their  limit; 
and  that  the  latter  case  is  very  rare. 

Improvability  has  been  denied  to  the  functions  of  dis- 
criminating weights,  discriminating  pitches  and  discriminating 
a  touch  at  two  points  on  the  skin  from  a  touch  at  one.  It 
will  be  found,  however,  that  an  investigator's  failure  to  find 
improvement  in  these  cases  is  due  to  one  or  more  of  the 
following  causes : 

(i)  He  did  not  inform  his  subjects  whether  they  were 
right  or  wrong  in  their  judgments,  nor  what  the  direction  and 
amount  of  their  error  was.  Hence,  he  gave  a  wrong  bond 
as  much  advantage  from  the  exercise  as  a  right  bond.  Repeat 
the  same  experiment,  but  announcing  the  result  of  each  judg- 
ment, having  the  subject  keep  score  of  his  progress,  and 
securing  his  interest   in   improvement — that   is,   securing  the 


152  THE    PSYCHOLOGY    OF    LEARNING 

satisfyingness    of   the   better    bonds — and    gain   will    appear. 

(2)  He  gave  his  subjects  no  adequate  motive  to  improve, 
so  that,  as  in  ( i ) ,  there  was  no  difference  between  'good' 
and  'bad'  bonds  in  satisfyingness. 

(3)  He  gave  practice  in  so  'narrow'  a  function  that 
the  limit  of  improvement  was  reached  very  early,  say  in  the 
first  half-hour  of  practice;  and  scored  improvement  by  so 
coarse  periods  of  practice  that  he  did  not  observe  this  early 
effect.  If,  for  example,  one  judges  which  of  two  weights 
(of  100  and  104  grams)  is  heavier  a  thousand  times,  using 
just  the  same  position  or  movements,  one  is  responding  to  at 
most  four  situations,*  and  whatever  attachments  'heavier' 
and  'lighter'  can  make  to  these  situations  may  well  be  made 
very  early.  Thus  practice  may  be  hidden  in  this  case,  but 
reveal  itself  if  the  task  is  to  compare  a  hundred  such  pairs — 
100-104,    110-114,   120-124,  and  so  on. 

Similarly  one  may  very  early  exhaust  his  possibility  of 
improvement  in  distinguishing  which  of  two  given  tuning 
forks  is  of  higher  pitch;  but  if  he  is  trained  with  a  series  of 
different  pairs  of  pitches  given  by  forks,  pitch-pipes,  whistles, 
monochords,  and  the  like,  the  total  gain  will  require  longer 
practice  and  so  be  more  readily  observed. 

The  investigators  who  have  taken  ordinary  folk  and  given 
them  practice  in  sensory  discrimination  in  order  to  be  sure 
that  measures  of  their  discriminative  ability  to  be  used  in 
diagnosis  or  correlation  were  valid,  have  found  improvement. 

Further,  there  can  be  no  doubt  of  the  improvement  of 
delicacy  of  discrimination  of  length,  weight,  pitch,  and  the 
like,  in  the  meaning  attached  to  it  in  ordinary  life — in  the 
meaning  that  the  skilled  carpenter  can  judge  delicately  the 
length  of  a  board;  the  tea  tester,  the  'grade'  of  a  tea;  the 
dyer,  the  shade  of  a  cloth ;  the  hunter,   the  distance  of  an 

*The  order  of  hefting  100,  104  after  the  order  104,  100; 

100,  104   "    "    "  100,  104; 

"    "   "    "    104,  100   "    "    "  104,  100; 

"    "   "    "    104,  100   "    "    "  100,  104; 
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animal.  The  facts  of  ordinary  life  prove  that  this  more 
complex  and  associative  discrimination  is  greatly  improvable; 
and  experimental  studies  confirm  them.  The  unpracticed 
judgments  of  man  are  in  such  cases  very  crude  and  improve 
by  practice  much  as  do  addition,  memory  of  poetry,  or  'mark- 
ing' functions.  For  example,  Whitley  ['ii,  p.  114  ff.]  found 
that  one  trial  daily  in  judging  in  grams  the  w^eight  of  each 
of  a  series  of  24  running  from  40  g.  to  130  g.  by  steps  of  5  g. 
(v^ith  some  duplicates),  produced  in  sixteen  days  a  change 
from  an  average  error  of  i  i.i  g.  to  one  of  6.3  g.  Comparison 
with  six  standard  weights,  known  by  the  learner  to  be  re- 
spectively 40,  55,  75,  90,  no  and  130,  was  allowed  at  any 
point,  "After  a  certain  date,  too,  each  subject,  after  having 
made  a  judgment,  was  told  what  the  right  weight  was." 
Nine  subjects'  records  provide  this  average  result.  All  showed 
improvement,  and  improvement  continued  throughout  the 
sixteen  days.  Similar  results  were  obtained  by  Thorndike  and 
Woodworth  ['01]  with  judgments  of  length,  weight  and  area. 

As  a  further  defense  of  the  very  great  frequency  of  im- 
provement, we  may  consider  the  case  of  learning  to  see  letters, 
words  and  the  like  in  a  short  exposure — so-called  'visual 
attention'  and  'visual  apprehension' — in  which  the  improve- 
ment has  been  reported  to  be  very  small.  Whipple,  >  for 
example,  says,  "Practice  has  a  curiously  small  effect  upon 
the  range  of  attention,  when  once  the  period  of  preliminary 
habituation  to  the  arrangement  of  apparatus  and  method  is 
passed.  .  _  .  The  practice  effect  for  isolated  letter  series  for 
a  period  of  seven  to  ten  days  ...  is  indicated  in  Table  14. 
It  is  evident  that  if  we  discount  the  improvement  due  to 
adaptation  there  is  but  a  small  enlargement  of  the  range 
through  practice."    ['10  p.  235  f.] 

Of  Visual  Apprehension  (which  means  in  practice  the  same 
as  the  above,  except  that  the  material  is  more  complexly 
organized),  Whipple  says  similarly,  "The  effect  of  practice  is 
shown  in  Table  15.  Here,  each  'period'  represents  the  average 
of  three  exposures,  usually  one  per  day  for  three  days.     In- 
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spection  of  these  data  skives  little  warrant  for  the  belief  that 
systematic  practice  would  enable  an  adult  subject  markedly 
to  improve  his  ability  for  quick  visual  perception."      ['lo,  p. 

251  f.] 

Table  14. 

EFFECT    OF    PRACTICE    UPON     THE    PERCEPTION    OF    LETTERS     (after    Whipple 

['10,  p.  236]  ).  Average  number  of  letters  correctly  reported  after  a 
single  short  exposure. 


Five-plac 

e  scries 

Six-place  series 

Seven- 

place  series 

XsciivitJusi 

First 

Last 

First 

La<!t 

First 

Last 

period  of 

period  of 

period  of 

period  of 

period  of 

period  of 

practice 

practice 

practice 

practice 

practice 

practice 

B. 

4.87 

47S 

503 

5-25 

E. 

4-75 

5.0S 

4-25 

4.90 

N. 

4-44 

4-77 

4.38 

5.06 

4.90 

540 

T. 

4- 50 

4.50 

4-73 

5.08 

3.83 

5-80 

Table  15. 

EFFECT    OF    PRACTICE    UPON    VISUAL    APPREHENSION     (after    Whipple     ['lO, 

p.  251]  ).  Average  number  of  pictures,  nonsense  s\-llables,  etc.,  correctly 
reported  after  an  exposure  of  3  seconds,  in  each  of  9  successive  practice- 
periods,  by  three   individuals. 


ist 

2nd 

3.d 

4th 

sth 

6th 

7th 

Sth 

gtb 

Pictures                    6.6 

4-9 

5-9 

6.3 

6.9 

6.9 

6.5 

5-5 

Nonsense  syllables  9.3 

10.6 

8.4 

10.8 

11.7 

10.6 

10.4 

8.9 

9.2 

Drawings                  6.6 

6.3 

50 

5.6 

50 

77 

6.5 

6.6 

57 

Poetry  (words)     10.7 

11-5 

11-3 

10.8 

130 

12.5 

130 

11.7 

Objects                     5.6 

6.3 

5-9 

6.0 

5-9 

6.5 

6.4 

Total 


38.8      39.6      36.5      39.5      42.5      44.2      42.8 


In  the  first  of  these  two  tables  the  results  come  from 
"124  to  250  and  more  exposures"  per  individual  ['10  a,  p. 
253],  so  that  the  actual  time  spent  by  a  subject  in  practice 
from  the  mid-point  of  the  'First  Period'  to  the  mid-point  of 
the  'Last  Period'  would  be  probably  not  over  five  minutes,* 
even  if  we  allow  two  seconds  as  the  time  a  subject  uses  in 
'taking  in'  the  set  of  letters.  If  we  measure  th.e  length  of 
time  devoted  to  practice  (from  mid-point  of  'First  Period' 
to  mid-point  of  'Last  Period')   by  the  actual  time  the  series 

*  Whipple's    figures   do   not   allow    an   exact   estimate. 
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of  letters  were  exposed,  the  amount  of  practice  was  about 
twelve  seconds!  If  improvement  kept  up  at  the  same  rate 
of  gross  gain  as  is  shown  in  Table  14,  one  hour  of  such 
practice  would,  on  the  average,  raise  the  scores  from  around 
4.57  letters  seen  to  double  that  number! 

In  respect  to  the  second  table  (Table  15)  also,  one  would 
not  expect  to  find  clear  signs  of  improvement  in  21  to  27 
exposures  of  3  seconds  each,  which  means  only  two  or  three 
minutes  of  actual  seeing  and  organization  of  what  one  sees. 
If,  on  the  seventh  day,  as  Table  15  records,  there  was,  for 
the  five  sorts  of  thing,  an  average  gain  of  eight-tenths  of  an 
element,  and  if  the  gross  gain  continued  at  that  rate,  practice 
of  one  hour  on  each  of  the  five  sorts  would  at  least  double 
the  amount  apprehended.  Of  course,  the  rate  of  gain  would 
very  probably  decrease;  also  the  rate  shown  by  Whipple's 
tables  may  be  too  great,  or  may  all  be  due  to  early  adjustment 
to  the  special  conditions  of  the  experiment.  The  case,  how- 
ever, is  a  useful  illustration  of  the  necessity  of  considering  the 
meaning  of  a  score.  These  tables  look  like  a  record  of  very 
slight  improvement  in  comparison,  say,  with  Wells'  addition 
curves,  but  practice  in  addition  for  the  same  length  of  time 
would  show  less  improvement  than  these  tables  show.* 

At  all  events  the  'observation'  or  'apprehension'  or  'taking 
m'  or  'Auffassung'  of  objects,  as  we  use  these  terms  in  ordinary 
life,  does  improve.  For,  in  ordinary  life,  we  take  in  identical 
or  similar  things  over  and  over  again,  and  such  repetitive 
apprehension  improves  the  power  for  these  things  enormously, 
however  much  or  little  it  is  transferred  so  as  to  increase  the 
power  for  new  ones.  So  Weygandt,  to  take  a  single  example, 
in  exposing  a  series  of  some  three  hundred  nonsense  syllables 


*  I  should  add  that  I  am  not  calling  in  question  Professor  Whipple's 
general  account  of  the  amount  of  improvement  in  these  -two  cases,  in 
the  meaning  that  he  himself  probably  attached  to  it.  The  quotations 
cited  are,  however,  likely  to  mislead  others,  even  when  read  in  their 
full  context.  I  have  omitted  the  context,  somewhat  unfairly,  in  order 
to  get  a  clearer  case  for  discussion. 
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about  eighteen  times  in  the  course  of  ten  days,  found  a  change 
from  sixty-three  per  cent  of  correct  apprehensions  in  the  first 
two  repetitions  of  the  series  to  ninety-six  per  cent  in  the  last 
two.  The  same  number  of  repetitions  of  a  series  of  two 
hundred  and  eighty  famihar  one-syllable  words  showed  a 
change  from  seventy-eight  per  cent  of  correct  apprehensions 
in  the  first  repetitions  of  the  series  to  ninety-nine  per  cent 
in  the  last  two.  [See  Weygandt,  '01,  p.  63  ff.]  These  gains 
were  in  spite  of  the  fact  that  three  of  the  ten  days  were  days 
of  fasting,  when  scores  fell,  and  that  the  subject  was  not 
bent  on  improvement.* 

The  result  of  practice  as  it  comes  in  ordinary  life  is  seen 
also  in  the  fact  that,  as  Cattell  has  shown  ['86];  we  can  take 
in  several  syllables  that  make  a  meaningful  word  or  phrase 
as  easily  as  a  single  nonsense  syllable;  and  also  in  the  fact 
that,  as  Berger  has  shown  ['89],  the  speed  of  reading  Latin 
(not  translating,  or  getting  the  sense,  but  mere  calling  out 
the  words)  increases  six-fold  from  the  lowest  to  the  highest 
class  of  the  Gymnasium.  That  this  is  not  due  to  mere  maturity, 
is  proved  by  the  fact  that  the  corresponding  increase  in  the 
speed  of  naming  colors  (that  is,  calling  out  the  names  of  a 
series  of  colored  squares)   is  only  about  a  third  as  great. 

On  the  whole,  then,  improvability  appears  to  characterize 
every  group  of  modifiable  bonds  from  every  group  of  situ- 
ations, taking  these  in  men  in  general.  Certain  reflexes  may 
be  as  perfect  by  inherited  organization  as  they  ever  can  be;* 
certain  features  of  certain  modifiable  bonds  may  be  inherently 
unimprovable  (as  James  held  of  brute  retentiveness,  apart 
from  methods  of  memorizing,  interest,  and  the  like;  or  as 
many  hold  of  color-vision  in  abstracto,  apart  from  associative 
aids)  ;  and  certain  men  have,  of  course,  exhausted  their  improv- 

*  It  will  appear  later  that  the  gain  when  a  function  is  practiced  for 
improvement's  sake  is  greater  than  when  it  is  practiced  incidentally  to 
study  the  effects  of  hunger,   drugs,  length  of  pauses,  and  the  like. 

*  See  Vol.  I,  p.  173  f.  for  a  brief  statement  of  which  bonds  may  be 
expected   to   be  thus   unmodifiable. 
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ability  in  certain  functions.  But  as  a  rule,  any  concrete  task 
of  intellect,  character  and  skill  that  man  has  to  do  can  be  done 
better  than  the  average  man  does  it,  and  any  'power'  can  be 
raised  above  its  present  average  status.* 

THE    RAPIDITY    OF    IMPROVEMENT    UNDER    EXPERIMENTAL 
CONDITIONS 

The  rate  of  improvement  shown  in  experiments  with 
practice  seems,  and  to  some  extent  is,  in  sharp  contrast  to  the 
rate  shown  by  children  in  schools,  workers  at  trades,  and  all 
of  us  in  the  learning  of  ordinary  work  and  recreation.  For 
example,  let  the  reader  get  intelligent  men  and  women  to 
estimate  the  degrees  of  efficiency  that  they  would  expect,  on 
grounds  of  general  experience  as  workers  or  teachers  or  both, 
to  be  attained  in  the  cases  described  in  the  following  tabular 
arrangement  (Table  i6).  Have  the  last  line  of  each  division 
of  the  table  kept  hidden  from  them.  Then  compare  their 
estimates  with  the  efficiencies  actually  attained  in  experiments 
on  practice,  shown  in  the  last  line  of  each  division  of  the  table. 
Or  let  the  reader  consider  that  if  he  should  now  spend  seven 
hours,  well  distributed,  in  mental  multiplication  with  three- 
place  numbers,  he  would  thereby  much  more  than  double  his 
speed  and  also  reduce  the  number  of  his  errors ;  or  that,  by 
forty  hours  of  practice,  he  could  come  to  typewrite  (suppos- 
ing him  to  now  have  had  zero  practice)  approximately  as 
fast  as  he  can  now  write  by  hand  ;t  or  that,  starting  from 
zero  knowledge,  he  could  learn  to  copy  English  into  German 

*  It  is  interesting  to  note  that  the  improvements  reported  in  the 
previous  section  are,  in  the  main,  for  adults.  The  misinterpretation  of 
a  careless  comment  on  the  fixity  of  adult  habits  has  afflicted  popular 
pedagogy  with  an  enormously  exaggerated  estimate  of  the  lack  of 
plasticity — or  learning  power,  or  moditiability — of  adults.  This  exaggeration 
may  have  helped  to  preserve  the  custom  of  confining  education  to  early 
years,  a  custom  for  which  there  is,  in  my  opinion,  no  ultimate  justifi- 
cation of  any  sort.  There  certainly  is  no  justification  for  it  on  the 
ground  of  the  futility  of  education  for  adults. 

t  Writing  as  he  would  in  writing  a  notice  to  be  read,  say  at  ^  of 
his  maximal  speed  at  legible  writing. 
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script  at  a  rate  of  fifty  letters  per  minute,  in  three  hours  or 
a  little  more. 

Table  16. 

The   Facts   of   Three   Typical   Experiments   Arranged   to   Allow 

Estimates  of  the  Amount  of  Improvement,  and  Comparison 

of   These   with    the   AcruAL   Improvement 

I. 
Function. — Addition,  of  one-piace  numbers,   each  being  orally  announced. 
Individuals. — Ten  hospital   nurses,   21-35   years  old. 
Initial  Ability. — Number  of  one-place  numbers  added  in  five  minutes;  180, 

200,  225,  225,  290,  150,  220,  235,  250,  260. 
Length  of  Practice. — 2  hours,  25  minutes. 
Distribution   of   Practice. — 5   minutes    daily   e.xcept    Sunday. 
Ability    after    Practice. — Number    of    one-place    numbers    added    in    five 

minutes. 

380,     430,     368.     460,     540,     280,     380,     570,     440,     540.* 

II. 
Function. — Addition    of    columns,    each    of    ten    one-place    numbers,    the 

sum  of   each   column   being   written. 
Individuals. — College    and    university    students :    the    seven    most    ordinary 

out  of  nineteen  individuals. 
Initial   Ability. — Number  of  one-place  numbers   so  added   in   five  minutes 

(counting  the  writing  of  a  two-place  an.swer  as  equal  to  one  addition). 
225,     232,     240,     244,     257,     257.     261. 
Length  of  Practice. — Approximately  55  minutes. 
Distribution    of    Practice. — Daily,    for    so    long   as    was    required    to    add 

48  columns :   from   10  down  to  6  minutes  as  practice  progressed. 
Ability    after    Practice. — Number    of    one-place    numbers    added    in    five 

minutes. 


304,     417.     ^"^7,     400.     306,     374.     378.  t 

III. 
Function. — Marking  o's  on  two  pages  of  English  print. 
Individuals. — Nine  college  students. 
Average    Initial    Ability    on    second    day    after    one    preliminary    test    of 

two  pages. — In  terms  of  time  required,  527  seconds. 
Average  Length  of  Practice. — 2%  hours. 
Distribution  of  Practice. — Daily  for   17  days. 
Ability  after  Practice. — 
Ability  after  Practice, — 348  seconds. 

*  These  correspond  respectively,  to  the  ten  initial  abilities  listed  above. 
t  These  correspond,  respectively,  to  the  seven  initial  abilities  listed  above 
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Even  more  striking,  perhaps,  are  Kirby's  results  described 
on  page  I34f.  These  results  have  been  verified  by  Hahn 
['13]   and  by  Donovan  and  Thorndike   ['13]. 

Measurements  are  lacking  of  the  amount  of  improvement 
made  in  ordinary  learning  during  times  equal  to  those  listed 
above,  so  that  only  rough  estimates  can  be  made  of  the 
superiority  of  the  results  per  unit  of  time  from  the  practice 
as  conducted  in  the  experiments.  Since  everyone  will  probably 
agree  that  this  superiority  is  great,  the  reasons  for  it  will 
be  of  importance  as  evidence  concerning  the  conditions  favor- 
able to  impro\ement.  Certain  possible  reasons  may  be  noted 
here,  in  advance  of  the  systematic  discussion  of  Chapter  VIII. 
These  possible  reasons  are :  The  amount  of  work  done  per 
unit  of  time  is  greater  in  the  experiments  than  in  ordinary 
learning;  the  distribution  of  the  time  is  more  favorable,  the 
periods  being  short  enough  to  avoid  fatigue  and  close  enough 
together  to  a\'oid  deterioration  through  disuse ;  the  function 
is  'narrower,'  more  limited  in  the  variety  of  situations  to 
be  met,  so  that  the  same  situations  are  more  frequently 
responded  to  in  the  same  total  amount  of  work ;  the  energy 
of  action  of  tlie  bonds  involved  is  greater — that  is.  the  con- 
nections invohed  are  made  more  vigoroush-.  by  l^eing  better 
attended  to  or  for  other  reasons;  the  satisfyingness  of  the 
right  or  'perfect,'  and  the  annoyingness  of  wrong  or  'imper- 
fect,' responses  is  increased — that  is,  interest  in  achievement 
and  improvement  is  greater. 

DIFFERENCES     AMONGST     INDIVIDUALS     IN     THE     RATE    OF    IM- 
PROVEMENT  IN   THE  SAME   FUNCTION 

Individuals  differ  very  greatly  in  the  rate  of  improvement 
in  the  case  of  every  function  where  adequate  measures  are  at 
hand.  The  results  quoted  from  Thorndike  and  Wells  for  prac- 
tice in  addition  and  from  Thorndike  and  Whitley  in  mental 
multiplication  (on  pages  132  ff.  and  146  ff. )  are  fair  examples. 
Kirby  found  that  the  gain  in  the  amount  of  addition  done 
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(in  15  minutes)  which  resulted  from  sixty  minutes'  practice, 
varied  from  below  zero  to  over  sixty  lo-digit  examples.  The 
distribution  of  these  gains  is  shown  in  Table  17.    The  variation 

Table  17. 

individual  differences  in  rate  of  improvement  in  addition  (after 
Kirby  ['13]).  The  Frequencies  of  Various  Amounts  of  Difference  between 
the  Number  of  Examples  Done  Correctly  in  15  Minutes  before  45  Minutes 
of  Practice  and  the  Number  Done  Correctly  in  15  Minutes  after  45 
Minutes  of  Practice :  in  the  Case  of  503  Pupils  of  Grades  4  and  5,  the 
45  Minutes  Being  Divided  into  2.  3  or  7  Periods. 


A    loss 


of  15  in 

12  lo-di 

"  11  '■ 

8 

7 

4 

"   3  '■ 

0    " 

I  " 

4 

"  5  " 

8 

..  ^  <. 

12    " 

"  13  " 

16 

'■  17  " 

20 

"  21  " 

24 

"  25  " 

28 

"  29  '• 

32 

"  33  " 

36    " 

"  37    " 

40 

"    41  " 

44 

"  45  ■' 

48    " 

"  49  '■ 

52   .  " 

"  53  " 

56    " 

"  57    " 

60 

"  61  '• 

64    " 

ijlit   examples   occurred   in   4   individuals 

"  9 

"  24 

"  49 

"  65 

"  80 

"  61 

"  64 

"  17 

"  20 

"  18 

"  IT 

"  9 


was  as  great  in  the  case  of  the  individual  gains  in  division. 
Of  course  some  of  the  extreme  gains  are  due  in  part  to  a 
record  in  the  first  trial  that  is,  by  sickness,  misunderstanding 
or  some  other  irrelevant  factor,  imfairly  low;  or  to  a  final 
record  that  is,  by  an  exceptionally  favorable  concatenation  of 
circumstances,  unfairly  high;  or  (but  much  more  rarely)  by 
a  conjunction  of  these  two  chances  in  the  same  individual. 
If  we  allow  generously  for  this,  by  supposing  that  in  reality 
no  child  would  improve  less  than  10  per  cent  and  that  the 
amendment  of  high  records  down  is  the  same  as  this  of  low 
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records  np,  we  still  have  approximately  Table  i8.  Whitley 
['ii,  p.  98  ff.]  and  Wimms  ['07]  give  further  evidence  in 
general  harmony  with  these  samples. 

Table  18. 

individual  differences  in  kate  of  improvement  in  addition. 
The   Facts  of   Table   17,  after   Large  Allowances  Are   Made   for  Ac- 
cidental   Divergences    of    the    Obtained    Measures    from    the    True    Ini- 
provability  of  the  Individuals  Concerned:     Approximate. 


A  gain  of     i   to     4  examples  correct   occurred   ir 


I  t 

0  4 

5 

'   9 

10 

'  14 

15 

'  19 

20 

'  24 

25 

'  29 

30 

'  34 

35 

'  39 

40  ' 

'  44 

45 

'  49 

n  13 

ind 

viduals 

"  73 

" 

"137 

« 

"141 

« 

"  81 

« 

"  38 

« 

"  20 

« 

"  6 

" 

"  2 

« 

"  3 

« 

The  causes  of  these  individual  differences  in  improve- 
ment may  be  considered  under  three  heads:  (i)  differences 
in  methods  of  work  which  can  be  taught  to  one  person  as 
well  as  to  another,  or  somewhat  nearly  as  well;  (2)  differences 
in  previous  training  which,  at  any  given  time,  must  be  accepted, 
but  which  coul.d  have  been  prevented;  and  (3)  differences  in 
original  -nature  which  must  be  accepted  and  allowed  for.  It 
is  of  the  utmost  importance  to  the  educational  theory  of  any 
function  that  the  individual  differences  in  rate  of  improvement 
in  it  should  be  referred  to  their  specific  causes  along  these  three 
lines.  Unfortunately,  systematic  measurements  of  individual 
differences  in  rate  of  improvement  are  few  in  number,  and 
an  experimental  analysis  of  causes  has  hardly  been  begun. 
At  present  we  know  only  that  differences  in  original  nature 
are  responsible  for  much  of  the  variation  found.* 


*  The  evidence  of  this  statement  will  be  given  in  Volume  III. 
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DIFFERENCES   IN    FUNCTIONS   IN    THE   RATE   OF    IMPROVEMENT 

The  functions  whose  exercise  under  experimental  con- 
ditions have  not  resulted  in  rapid  improvement  are  instructive. 
The  clearest  case  is  perhaps  that  of  the  children  in  Kirby's 
experiments  on  ability  to  learn  to  spell  ['13],  not  described 
here.  The  very  same  children  who  gained  fifty  per  cent  in 
the  speed  of  single-column  addition  (without  loss  in  accuracy) 
made  very  slight  gains  in  ability  to  learn  to  spell  a  list  of 
words,  though  the  administration  of  the  practice  was,  so  far 
as  possible,  identical  in  all  three  cases.  The  clearest  case  of 
those  described  here  is  that  o.f  practice  in  memorizing  the 
English  equivalents  of  German  words  so  that  when  one  of 
the  latter  was  shown  the  appropriate  one  of  the  former  could 
be  written  an  hour  later.  College  and  university  students, 
it  will  be  recalled,  learned  the  twelfth  set  of  one  hundred  no 
more  rapidly  than  the  first. 

The  rate  of  gain  in  typewriting  a  single  sentence  or  para- 
graph is  more  rapid  than  the  rate  for  new  material.  The 
rate  of  gain  in  ability  to  memorize  series  of  nonsense  syllables 
is  apparently  greater  than  the  rate  for  connected  prose  or 
poetry.  The  rate  of  gain  for  translating  English  words  in 
German  script  into  their  familiar  equivalents  and  meaning  is 
more  rapid  than  the  rate  for  translating  the  click-series  of  the 
Morse  code  as  heard  from  a  telegraph  sounder  into  their 
familiar  equivalents  and  meaning.  Sorting  a  collection  of 
small  objects,  of  six  different  shapes,  by  shape  appears  to 
improve  less  rapidly  than  sorting  a  collection  of  small  objects, 
alike  in  shape  but  of  six  different  (and  easily  distinguishable), 
sizes  by  size.     [See  Whitley,  '11,  p.  80  f.] 

The  cases  where  practice  under  experimental  conditions 
has  not  resulted  in  rapid  improvement  will  often  be  found 
to  present  one  or  more  of  the  following  features :  Either 
the  function  is  already  near  its  limit;  or  the  function  involves 
responses  to  very  many  different  situations ;  or  the  situations 
are  harder   to   disting^aish ;   or  the   responses   are   harder   to 
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control ;  or  the  function  involves  the  making-  and  breaking-  of 
connections  to  whose  results  satisfaction  and  discomfort  can- 
not be  readily  attached.  Thus  sorting  objects  by  size  does 
not  show  very  rapid  improvement  in  an  adult  because  the 
simple  discriminations  and  motor  coordinations  involved  are 
already  well  on  toward  the  physiological  limits  set  for  their 
joint  action  in  the  way  required.  So  also  probably  with  the 
function — ability  to  memorize  (pair-wise)  a  new  series  of 
verbal  pairs — in  educated  adults. 

The  difference  between  typewriting  one  paragraph  re- 
peatedly and  typewriting  new  material  is  an  illustration  of 
the  effect  of  number  of  situations.  The  situations  of  'getting 
the  copy'  are  a  pure  handicap  in  the  latter  case;  and  the 
situations  involvg^d  in  the  movement  sequences  are  far  more 
numerous. 

Similarly  the  function  of  obtaining  a  low  score  at  golf 
involves  changes  in  the  responses  to  an  enormous  number 
of  combinations  of  positions  of  the  ball,  hole,  and  intervening- 
obstacles.  If  a  man  practiced  hitting  toward  one  certain  hole, 
his  ball  being  placed  upon  one  certain  spot  thirty  feet  there- 
from, the  ground  being  in  a  constant  condition,  an  hour  of 
well-distributed  practice,  including  say  fifty  strokes,  might 
well  cut  his  average  error  (i.e.,  distance  from  the  hole)  from 
six  feet  to  three  feet.  In  the  course  of  general  practice  at 
the  game,  however,  he  would  perhaps  not  have  fifty  strokes 
of  just  that  sort  in  five  thousand  hours  of  play. 

The  cases  of  the  translation  from  German  script  and  from 
telegraph  clicks  illustrate  the  effect  of  difficulty  in  distinguish- 
ing the  situations  (and  also,  probably,  certain  other  causes 
of  difficulty). 

The  effect  of  relative  difficulty  in  control  of  the  responses 
is  perhaps  shown  by  a  more  rapid  gain  in  typewriting  than  in 
piano-playing.  In  the  latter  case,  the  task  is  not  only  to 
depress  certain  keys  in  a  certain  order,  but  also  to  depress 
them  v.ith  varying  and  exact  degrees  of  pressure  and  in 
certain  exact  time-relations. 
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The  fifth  case — of  difficulty  in  attaching  satisfaction  and 
discomfort  to  certain  bonds — cannot  so  surely  be  illustrated, 
but,  in  my  opinion,  the  slow  improvement  in  'accent,'  tone  of 
voice,  or  'touch'  on  the  piano,  is  due  in  large  part  to  the 
difficulty  one  has  in  these  cases  of  recognizing  his  'successes' 
and  more  particularly  the  separate  features  of  change  in  his 
throat  or  finger  movements  that  make  for  successes.  Again, 
it  is  a  general  rule  that,  especially  with  careless  persons, 
practice  improves  speed  more  easily  than  quality  of  product ; 
and  this  seems  to  be  because  speed  is  obvious  so  that  anybody 
can  welcome  it  and  reject  its  opposite.  The  slow  gain  in  the 
ability  to  learn  the  spelling  of  new  words  is  perhaps  in  part 
due  to  the  children  having  approached  their  respective  limits, 
but  is  partly  due,  in  my  opinion,  to  their  not  noticing  the 
difference  in  results  when  they  happen  to  use  superior  methods 
and  so  not  attaching  satisfaction  thereto.  They  are,  in  this, 
excusable,  since  noboby  has  ever  observed  and  verified  with 
surety  which  methods  are  superior! 

One  special  case  of  slow  versus  rapid  improvement  re- 
mains to  be  mentioned — that  of  learning  to  learn  certain  things 
versus  learning  the  things — in  other  words,  that  of  improving 
the  ability  to  form  certain  connections  with  total  situations 
or  elements  thereof  verstis  improving  the  connections  them- 
selves. This  is  roughly  the  distinction  made  in  educational 
treatises  between  general  abilities  or  powers  on  the  one  hand 
and  particular  knowledge  and  skill  and  interests  on  the  other. 
Perhaps  the  least  rapidly  improvable  function  that  can  be 
conceived  is  that  of  'ability  to  improve  in  general'  and  surely 
the  most  rapidly  improvable  functions  known  are  those  of 
knowing  that  oui  means  yes,  that  dans  means  in,  that  when  the 
bell  rings  one  is  to  open  the  door,  that  when  the  leader  says 
'Halt,'  one  is  to  stop,  and  the  like.  A  very  few  minutes 
changes  the  efficiency  of  one  of  these  latter  functions  from 
zero  to  'perfection'  for  the  time  being;  and  a  very  few  minutes 
per  month  keeps  the  function  at  adequate  efficiency.  The 
acquisition  of  such  simple  habits  of  knowledge  or  conduct  is 
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indeed  so  rapid — the  score  changing  from  zero  percent  of 
correct  responses  to  one  hundred  percent  of  correct  responses 
within  one  or  two  'trials' — that  each  of  them  is  commonly 
not  thought  of  as  a  mental  function  or  ability,  and  learning 
each  of  them  is  commonly  not  thought  of  as  a  practice  experi- 
ment. They  are,  however,  homologous  with  other  mental 
functions,  and  deserve  consideration  as  such. 

THE  COMMENSURABILITY  OF  GAINS  BY  DIFFERENT  INDIVIDUALS 
AND    IN    DIFFERENT    FUNCTIONS 

In  the  conclusions  stated  in  the  last  two  sections,  it  has 
been  assumed  that  the  amount  and  rate  of  improvement  of 
one  individual  in  a  given  mental  function  can  be  compared  with 
the  amount  and  rate  of  another  individual  in  the  same  func- 
tion ;  and  also  that  the  amount  and  rate  of  improvement  made 
by  an  individual  in  one  function  can  be  compared  with  the 
amount  and  rate  of  his  improvement  in  some  other  function. 
Such  comparisons  are,  however,  by  no  means  simple  and 
straightforward ;  and  the  statements  of  ordinary  life  about 
the  amount  and  rate  of  learning — such  as  that  John  improved 
twice  as  much  or  three  times  as  rapidly  as  James,  or  that  John 
improved  in  addition  very  much  more  and  faster  than 
he  did  in  subtraction  —  would  in  most  cases  require  for 
justification  a  rather  elaborate  set  of  hypotheses  about  the 
measurement   of  change   in   mental   functions. 

Consider,  for  example,  in  connection  with  the  data  about 
addition  on  page  137,  the  question,  'Who  improved  most, — 
No.  2,  who  from  180  attained  to  380  additions  done  in  five 
minutes;  or  No.  10,  who  from  290  attained  to  540.  Shall 
we  compare  the  380 — 1 80  with  the  540 — 290 ;  or  the  ^^°~'^°  with 
(■he  $40-290 ■  Qj.^  using  the  time  required  per  addition,  compare 
the  ^-322  with  the  ^_322   ;  or  is  there  some  still  better  way? 

100        380  290        540  •' 

Or  consider  the  question,  'In  which  function  did  No. 
10  improve  most — in  addition,  where  he  progressed  from  290 
to   540  additions  in  five  minutes ;  or  in  checking  numbers, 
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where  he  progressed  from  45  to  100  zeros  checked  in  one 
minute  on  a  certain  defined  blank  ?'  One  is  tempted  to  assume 
that  the  percentile  improvement  is  the  proper  means  of  com- 
parison in  such  cases,  but  it  can  lead  to  obvious  absurdities 
in  cases  where  the  zero  point  of  one  of  the  scales  used  (or 
of  both  of  them)  does  not  correspond  approximately  to  'just 
not  any  of  the  thing  in  question.'  For  example,  suppose  that 
a  lx3y  progressed  from  60  to  90  in  the  mark  attained  in 
geography  and  from  100  to  200  in  the  mmil>er  of  additions 
done  in  five  minutes.  Who  believes  that  the  former  represents 
only  half  as  much  improvement  as  the  latter  ?  Or  suppose  that 
he  comes  to  score  80  instead  of  200  at  golf  by  one  year  of 
practice;  and  160  instead  of  400  in  errors  made  per  1000 
'chances'  in  baseball,  in  the  same  amount  of  practice.  Who 
believes  that  his  rate  of  improvement  in  the  former  case  is 
no  greater  than  that  in  the  second?  The  former  is  the  change 
from  the  first  day's  play  of  a  'rank  beginner'  to  that  of  the  tip- 
top experts  of  the  world.  The  latter  is  only  the  change  from 
low  mediocrity  to  less  low  mediocrity. 

Further,  suppose  that  two  individuals  do  start  at  the  same 
ability,  like  Nos.  5  and  6  on  page  137  (225  to  368,  and  225 
to  460,  additions  in  five  minutes)  so  that  the  amounts  of 
improvement  bear  the  same  relation,  whether  in  gross  or  in 
percentile  form.  The  amount  of  improvement  of  No.  5  is 
to  that  of  No.  6  as  145  is  to  235 ;  and  so  is  the  rate,  if  by  rate 
we  mean  the  amount  of  improvement  per  unit  of  amount  of 
practice  measured  by  time.  But  if  amount  of  practice  is 
measured  Ijy  number  of  repetitions  of  the  process — here,  by 
the  number  of  additions  done — the  comparison  turns  out  dif- 
ferently. No.  6's  superiority  being  reduced. 

This  last  case  is  not  hard  to  decide.  It  is  for  many 
reasons  preferable  to  adopt  the  convention  of  measuring 
amount  of  practice  by  amount  of  time  spent,  letting  the  more 
rapid  worker's  consequent  advantage  in  the  number  of 
repetitions  be  one  factor  giving  him,  other  things  being  equal, 
a    higher    rate    of    improvement.      All    our    thought    about 
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practice  is  thereby  made  clearer  and  more  appropriate  for 
application  to  the  practical  management  of  human  learning. 
In  certain  cases,  however,  the  data  are  so  reported  that  the 
individuals  to  be  compared  are  alike,  not  in  time  spent,  but  in 
number  of  repetitions  of  the  process.  Consequently,  unless 
the  student  is  aware  of  the  issue  explained  here,  he  might  well 
compare  results  without  re-interpreting  one  set  so  that  the 
meaning  of  rate  of  improvement  would  be  the  same  for  both. 

The  peculiar  difficulties  in  measuring  amount  and  rate 
of  improvement  in  mental  functions  depend  upon  the  imper- 
fections of  the  units  and  scales  by  which  the  efficiency  of 
the  functions  are  measured.  In  an  ideal  scale,  like  that  for 
length  or  weight  or  time,  the  thing  whose  different  degrees 
are  scaled,  is  exactly  defined.  Zero  means  just  barely  not 
any  of  the  thing  in  question,  the  differences  2 — i,  3  —  2, 
4  —  3,  5  —  4,  etc.,  represent  equal  amounts  of  the  thing  in 
question,  and  consequently  2  represents  twice  as  much  of  the 
thing  in  question  as  i  does;  8,  twice  as  much  as  4;  15,  three 
times  as  much  as  5,  and  five  times  as  much  as  3,  etc. 

Such  being  the  scale  used,  we  know  exactly  what  we  mean 
by  any  statement  of  change  measured  by  it.  If  a  man  changes 
from  50  inches  to  52,  and  another  man  from  68  to  70,  we 
know  what  we  mean  when  we  compare  either  their  gross  or 
their  percentile  changes.  If  a  man  changes  from  68  to  70 
inches  in  stature  and  from  136  to  140  pounds  in  weight, 
we  know  what  we  mean  when  we  compare  either  his  gross 
or  his  percentile  gain  in  stature  with  that  in  weight. 

Certain  difficulties  of  those  described  would  still  remain, 
such  as  characterize  our  attempts  to  decide  which  child  of 
two  grew  most  in  a  certain  year,  or  which  change  was 
greatest — an  addition  of  two  miles  to  sixty,  or  an  addition 
of  four  and  a  half  pounds  to  one  hundred  and  twenty.  But  we 
would  at  least  know  what  we  meant  by  our  decisions. 

In  measuring  the  efficiency  of  mental  functions,  then,  the 
important  desiderata  are  that  the  thing — quantity  of  product, 
quality  of  product,  or  mixture — which  the  scale  is  to  measure 
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be  clearly  defined,  that  Zero  on  the  scale  mean  just  not  any 
of  the  thing  in  question,  that  the  steps  of  the  difference  called 
equal  on  the  scale  mean  equal  increments  of  efficiency. 

These  desiderata  cannot  always,  or  even  often,  be  obtained. 
In  the  absence  of  any  one  or  more  of  them,  the  student  must 
bear  in  mind  just  what  the  numbers  that  he  uses  really  do 
mean  in  every  case  and  draw  inferences  in  accord  with  the 
meanings.  In  measurements  of  intellectual  and  moral  prod- 
ucts, a  '4'  often  is  not  twice  a  '2,'  and  a  '90  —  80'  is  often 
not  equal  to  a  '60  —  50.'  In  such  cases  great  mischief  may  be 
done  by  arguing  from  the  numbers  obtained,  as  if  each  repre- 
sented a  distance  from  an  absolute  zero  on  all  ideal  scale. 
Consequently,  in  measurements  of  change,  the  initial  score 
should  always  be  stated  and  Ije  kept  in  mind  in  connection 
with  the  amount  of  improvement. 

I  have  so  far  saved  the  reader  perplexities  or  misleadings 
by  stating  every  case  of  improvement  as  from  such  a  defined 
score  to  such  a  defined  score,  and  shall  continue  to  do  so. 
If  one  is  careful  to  think  about  improvement  always  in  the 
terms  of  actual  initial  and  final  status,  he  will  not  need  to 
argiie  deeply  concerning  the  exact  commensurability  of  indi- 
viduals in  respect  to  gain,  since  it  will  be  at  once  clear  that 
only  those  individuals  who  are  alike  in  initial  or  final  status 
can  be  compared  without  assumption ;  and  the  assumptions 
made,  when  others  are  compared,  will  be  reasonably  clear. 

It  will,  however,  l>e  a  profitable  exercise  for  the  student  to 
examine  the  following  passages  in  which  Whitley  and  Wells 
comment  on  the  effects  of  different  assumptions. 

"The  questions :  "Does  practise  increase  or  decrease  differ- 
ences?" and  "Who  profit  most  by  practise,  those  whose  initial 
record  is  best  or  poorest?"  may  receive  quite  different  answers 
according  to  the  varied  statistical  treatment  of  identical  facts. 

There  is  considerable  divergence  of  custom.  One  method 
has  been  to  keep  all  scores  in  gross  amounts,  basing  con- 
clusions directly  on  them.  Examples  of  this  would  be  Swift's 
and  Schuyler's  work   ['07]   already  referred  to,  and  Smythe 
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Johnson's  experiments  on  motor  education.    ['98]    Let  us  call 
this  the  gross  method. 

Another  method  is  to  turn  each  score  into  percentile  values 
of  the  initial  record,  or  perhaps  of  the  maximum  reached  before 
fatigne  sets  in.  Examples  of  this  are  Gilbert's  work  on 
development  of  school -children,  ['94]  Oehrn's  on  the  work- 
curve  of  10  subjects,  ['96]  and  Coover  and  Angell  as  already 
referred  to.   ['97]    Let  us  call  this  the  percentile  method. 

x^nother  way  of  expressing  percentile  values  used  by 
Smythe  Johnson,  and  modified  by  him  from  Amberg  ['96] 
is  as  follows:  The  difference  between  the  first  and  second 
scores,  first  and  third,  and  so  on,  is  taken,  and  the  sum  of 
gains  so  found  averaged  and  expressed  in  percentage  of  the 
first  score.  This  process  is  repeated  with  the  second  score  used 
as  basis,  again  with  the  third,  and  so  on  through  the  series. 
Finally,  all  percentages  are  averaged.  He  says:  "The  signifi- 
cance of  such  percentages  is  that  they  give  us  a  true  standard 
for  the  comparative  influence  of  practise  on  different  indi- 
viduals." ['98,  p.  61]  That  part  of  Amberg's  method  which 
was  modified  was,  instead  of  averaging  the  n —  i  different 
percentile  values,  to  weight  each  one,  multiplying  the  first 
by  n —  I,  the  second  by  n  —  2,  etc.,  adding  the  products  and 
dividing  by  (n  —  1)  -\-  (n  —  2)  +  (n  —  3)  ...  i.  .  .  . 

Just  to  illustrate  to  what  various  conclusions  one  may  be 
led  solely  from  /lifferences  in  methods  of  portraying  practise 
data,  the  following  tables  and  Fig.  63  were  made  from  five 
supposititious  cases. 

In  15  seconds,  using  as  a  score  units  of  gross  amount, 
suppose  that  in  seven  trials,  five  subjects  scored  as  follows : 

Table  19 
gross  amounts  in  successive  trials 


Individual 

A 

5 

6 

7 

8 

9 

10 

Total  Increase 
Units 
10          5 

B 

9 

12 

16 

16 

17 

17 

18 

9 

C 

10 

10 

10 

12 

13 

14 

15 

5 

D 

6 

9 

II 

12 

12 

15 

18 

12 

E 

5 

7 

9 

10 

12 

H 

15 

10 

Average 

7.0 

8.8 

10.7 

1 1.6 

12.6 

14.0 

15-2 

8.2 

A. 

D.* 

2 

2.25 

*  [A.   D.    means   the   Average   Deviation,   regardless   of   signs,   of   the 
five  measures  from  their  average]. 
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It  might  be  stated  then  that  D  improves  most,  and  A 
and  C  improve  least. 

This  same  table  turned  into  units  of  time  required  to  do 
one  unit  of  work,  using  hundredths  of  a  second  as  the  basis, 
becomes : 

Table  20. 

gross  time  for  work  unit  in  successive  trials 


Individual 

Hundre 

dths  of  a 

Second 

Tot; 

a]  Decrease 

A 

300 

250 

214 

T87 

166 

150 

150 

150 

B 

166 

I -'5 

93 

93 

88 

88 

S3 

83 

C 

150 

150 

150 

125 

115 

107 

100 

50 

D 

250 

166 

136 

125 

125 

TOO 

83 

167 

E 

300 

214 

166 

150 

125 

107 

100 

200 

Av 

erage 

22,3 

181 

155 

136 

124 

no 

103 

130 

A. 

D.* 

60 

19 

It  might  1)6  stated  now  that  E  improves  most  and  C 
improves  least. 

The  two  sets  of  curves  as  plotted  in  Fig.  63  are  not 
strictly  comparable,  except  that  the  same  individuals  are  alike 
at  the  starting  point  in  each,  and  at  the  end.  Otherwise,  in 
answering  the  question  whether  differences  are  increased  or 
diminished  by  practise,  the  curves  show  graphically  that  in  the 
first  case  they  apparently  are  increased,  in  the  second  con- 
siderably decreased.  The  tables  show  the  same  thing,  if  the 
A.  D.*  for  the  first  trial  is  compared  with  the  A.  D.  for  the 
last,  in  each  table.  In  the  first  case  there  is  a  slightly  greater 
difference  at  the  end,  in  the  second,  there  is  less. 

The  inference  is  then,  that  the  change  from  the  use  of 
one  kind  of  unit  to  another  in  expression  of  one  and  the 
same  performance  makes  an  appreciable  change  in  its  inter- 
pretation. 

Suppose,  however,  as  is  sometimes  the  case,  it  were  desirable 
to  compare  one  individual  quantitatively  with  another,  it  could 
be  said  from  the  first  form  of  presentation  that  A  and  C  im- 
prove equally,  and  half  as  much  as  does  E ;  and  that  B  improves 
three  quarters  as  much  as  D.  In  the  second  case  it  might 
be  said  that  no  two  subjects  improve  equally  though  A  and  D 
are  nearly  equal;  that  A  improves  three  times  as  much  as  C, 
and  three  quarters  as  much  as  E. 

*  [A.  D.  means  the  Arrragc  Deination,  regardless  of  signs,  of  the 
five  measuras  iv^Kn  their  average]. 
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Evidently  the  value  of  such  statements  would  \ye  con- 
ditioned by  the  nature  of  the  test,  for  units  near  'the 
physiological  limit  would  not  be  equal  to  those  in  the  lower 
ranges.     In  a  test  such  as  mental  multiplication,  the  gain  of 


Percentile  ATnoua-tCa) 


Fig.    63.      The    Effect    of    Different    Methods    of    Measuring    Tmprovenient    upon     the 
Comparison  of   Individuals  in   respect   to   Improvement.      After   Whitley,    '11,   p.    loi. 

the  last  few  units  may  be  far  more  difficult  than  that  of  the 
first  many.  In  a  cancellation  test,  the  units  may  possibly  be 
of  rather  more  equal  difficulty,  conditioned  as  they  are  by 
factors  of  amount  of  eye  movement  necessary,  and  rejection 
of  wrong  stimuli.  In  a  feat  such  as  juggling  with  balls,  the 
first  three  or  four  units  may  be  harder  to  gain  than  fifteen  such 
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units  later.  In  other  words,  sharp  slants  or  a  plateau  may 
\je  produced  by  the  nature  of  the  variations  in  the  real  value 
of  the  units  scored  as  equivalent. 

If,  as  is  more  customary  when  individuals  are  to  be  com- 
pared, the  method  of  percentile  values  is  used,  the  above  table 
of  gross  scores  becomes : 


Table  21. 

PERCENTILE 

AMOUNT? 

;  DONE 

Total  Gain 

A 

100 

120 

140 

160 

180 

200 

200 

100 

B 

100 

133 

177 

177 

188 

188 

200 

100 

C 

100 

100 

100 

120 

130 

140 

150 

50 

D 

100 

ISO 

183 

200 

200 

250 

300 

200 

E 

ICX) 

140 

180 

200 

240 

280 

300 

200 

Average 

100 

129 

156 

171 

188 

212 

230 

130 

A.  D. 

0 

15 

56 

l^>om  this  it  could  he  said  that  D  and  E  improve  most 
and  C  least. 

Again  turning  this  table  into  units  of  time  taken  and  ex- 
pressed in  percentile  values  of  the  starting-point,  it  becomes : 


Table  22. 

PERCENTILE 

DECREASE  IN 

TIME 

TAKEN 

' 

Total  Improve- 
ment Per  Cent, 

A 

100 

83 

71 

62 

55 

50 

50 

50 

B 

100 

76 

56 

56 

53 

53 

50 

50 

C 

100 

100 

100 

83 

76 

71 

66.6 

33-3 

D 

100 

66 

54 

50 

50 

40 

33-3 

66.6 

E 

100 

71 

55 

50 

42 

36 

33-3 

66.6 

Average 

100 

79 

67 

60 

55 

50 

46 

A.  D.  o  9.8  9.8  10.8 

As  from  the  preceding  table,  the  conclusion  would  be  that 
A  and  B  make  equal  gain,  that  so  do  D  and  E,  and  that  C 
gains  least ;  but  whereas  before  C's  gain  was  hali  A's  and  B's, 
and  one  fourth  D's  and  E's,  now  it  looks  like  one  half  that 
of  D  and  E.  Again,  in  each  table  of  percentile  values  the 
A.  D.  tends  to  increase,  and  evidently,  since  in  the  curves  the 
starting  point  is  a  common  zero,  they  inevitably  diverge  later, 
and  might  be  interpreted  to  mean  that  differences  increase 
by  practise. 
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In  general  then,  this  particular  use  of  the  method  of 
percentiles  must  confuse  the  issue  unless  each  individual's 
starting  point  is  given,  /.  e.,  unless  some  statement  of  gross 
scores  is  also  made. 

Working  over  the  original  scores  given  above  by  both 
Smythe  Johnson's  and  Amberg's  methods,  the  percentile  in- 
crease is  as  follows : 


A 

B 

C 

D 

E 

Smythe  Johnson 

27, 

19 

15 

38 

40 

Amberg 

32 

29 

19 

53 

56 

Here  the  subjects  keep  the  same  relative  position,  though 
the  statements  of  how  much  more  one  improved  than  the 
other  would  not  be  alike  in  the  two  cases.  *E  improves  most 
and  C  least'  is  all  that  can  be  said. 

Just  to  put  these  varying  interpretations  into  strong  con- 
trast the  following  table  has  been  prepared,  giving  for  five* 
ways  of  expressing  the  facts  very  varying  answers  to  the 
question  of  relative  improvement. 

Table  2^. 
IMPRO^^;MENT  of  seventh  over  first  pr.^ctice  period  ih 

Gross      Gro<;s  Time    Percentile    Percentile 
Amount  per  .^mount        Time  per 


Individual 

Work  Units 

Work  Unit 

Work  Units  Work  Unit 

By  Ambe 

A 

5 

150 

100 

50 

32 

B 

9 

83 

100 

50 

29 

C 

5 

SO 

50 

33-3 

19 

D 

12 

167 

200 

66.6 

53 

E 

10 

itoo 

200 

66.6 

S3 

Average 

8.2 

130 

130 

53-3 

37.8 

Gained  most 

D 

E 

D  E 

D  E 

E 

Gained  equally 

AC 

None 

D  and  E 

D 

and  E 

None 

Gained  least 

AC 

C 

C 

C 

C 

Other  statements    E  gains      E  gains       E  gains       E  gains  E  gains 

twice  as    four  times  twice  as       twice  as  nearly 

much  as    as  much      much  as  A  much  as  C  three 

C  or  A      as  C  and  four  times 

times  as  as  much 

much  as  C  as  C 

The  conclusion  would  be  that  if  one  wishes  to  compare 
one  individual  with  another  in  rate  of  improveinent,  or  one 

*  [Six  ways  are  given  in  the  original]. 
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individual's  performances  in  two  different  kinds  of  tests,  any 
statement  based  upon  a  comparison  of  difference  between  the 
last  score  and  the  first  score  will  be  seriously  affected  by  the 
kind  of  units  chosen,  and  may  be  the  more  misleading  the 
more  definitely  comparative  they  are  made.  All  of  these 
methods  alike  ignore  the  actual  starting  and  finishing  points 
which  might  be  useful  objective  data,  and  may  outrage  the 
sense  of  fairness  by  equating  units  taken  from  different  points 
of  the  scale.  Thus  it  seems  absurd  to  call  A  and  C  equal 
because  each  gains  5  units,  since  they  start  and  finish  at 
such  different  points.  But  to  imagine  that  expressing  A's 
performance  as  100  per  cent  gain.  C's  as  only  50  per  cent 
and  therefore  conclude  that  A  does  twice  as  well  as  C,  may 
be  equally  absurd,  since  it  may  be  no  nearer  the  truth  than 
was  the  first  statement.  There  is  no  magic  in  percentile  state- 
ments, except  it  be  in  blinding  people  to  the  actual  efficiency 
of  a  performance."     [Whitley,  '11,  pp.  99-104] 

Wells  says : 

"Certain  limitations  in  the  use  of  either  absolute  or  rela- 
tive gain  as  a  criterion  of  practice  effect  will  doubtless  have 
suggested  themselves  to  the  reader  familiar  with  the  prop- 
erties of  the  practice  curve.  It  is  scarcely  to  be  supposed  that 
a  practice  improvement  of  n  units  means  the  same  thing  when 
added  to  an  initial  efficiency  of  a  units  as  when  added  to  an 
efficiency  of  2a  units.  Ohue  wcitcres,  however,  it  should 
scarcely  be  said  that  one  is  more  or  less  than  the  other.  If, 
as  has  been  sometimes,  done,  we  simply  suppose  higher  initial 
efficiencv  to  mean  that  the  function  is  nearer  the  end  of  the 
practice  curve,  then  obviously  the  gain  of  n  units  is  more 
difficult  for  the  individual  who  has  a  higher  initial  efficiency. 
The  present  results  indicate  that  this  reasoning  rests  upon 
a  very  insecure  foundation,  for  it  here  repeatedly  appears  that 
the  gain  of  n  units  is  quite  as  likely  if  not  more  likely  to  take 
place  upon  an  efficiency  of  2a  than  of  a.  Another  point  must  be 
mentioned  in  this  connection,  namely,  that  when  the  function  is 
originally  measured  in  terms  of  amount  performed  in  a  given 
time,  as  it  is  in  the  addition  test,  the  amount  of  work  performed 
in  practice  is  much  greater  in  the  case  of  the  more  efficient  in- 
dividuals. Thus  when  the  lev^  efficient  A  has  made  as  many 
additions  as  the  more  efficient  B,  he  may  have  improved  as 
much,  though  taking  over  twice  the  time  to  do  it.     If  this 
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factor  were  of  essential  importance,  then  the  low  initial  efficien- 
cies should,  in  comparison  with  the  other  subjects,  show  a 
much  greater  absolute  gain  in  the  number-checking  test,  where 
they  do  equal  work,  than  in  the  addition  test,  where  they  do 
less  work.  With  the  men,  this  is  not  at  all  the  case.  With 
the  women  there  is  perhaps  a  little  more  semblance  of  it,  but 
on  the  whole,  the  number-checkiiig  test  scarcely  seems  to  have 
favored  the  practice  of  the  poorer  individuals  any  more  than 
the  addition  test.  This,  with  its  implication  of  a  law  of 
diminishing  returns  from  individual  practice  series,  leads  into 
the  great  series  of  problems  regarding  the  most  efficient  way 
to  practise.  A  definite  amount  of  work  doubtless  produces 
different  practice  effects  according  to  different  apportionments 
to  the  same  individual,  just  as  it  illustrates  different  practice 
effects  when,  as  here,  it  is  similarly  apportioned  to  different 
individuals. 

According  to  presentation  in  terms  of  time  or  amount, 
the  phenomena  of  the  absolute  gain  present  a  curious  dilemma. 
The  curves  have  been  plotted  in  terms  of  amount  performed 
in  a  given  time,  and  if  the  absolute  gains  of  the  more  efficient 
individuals  are  greater  than  those  of  the  less,  the  records 
assume  the  fan-shape  recorded  most  perfectly  in  Plate  II, 
[Fig.  76  on  p.  236]  the  distances  between  the  subjects  becom- 
ing greater.  Now  if,  instead,  the  curves  were  plotted  in  terms 
of  time,  they  would  approach  each  other  as  they  neared  the 
lower  limit  of  quickness,  and  the  distances  between  the  sub- 
jects would  become  less.  Compare  the  cases  of  a  worker, 
C,  making  100  artificial  flowers  per  hour,  and  one,  D,  who 
makes  50  in  the  same  period.  With  given  practice,  C  becomes 
able  to  make  175  per  hour,  and  D  able  to  make  100.  The 
gains  compare  as  follows  according  to  the  way  they  are  con- 
sidered : 

C  has  made  an  absolute  gain  of  75  pieces. 
D  has  made  an  absolute  gain  of  50  pieces. 
C  has  made  a  relative  gain  of  75  per  cent. 
D  has  made  a  relative  gain  of  100  per  cent. 
C  has  decreased  the  time  required  for  100  pieces  by  26 
minutes. 

D  has  decreased  the  time  required  for   100  pieces  by  60 
minutes. 

Nevertheless,  there  can  be  but  little  doubt  that  any  manu- 
facturer would  consider  C  as  having  improved  the  original 
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lead  over  D.  If  for  artificial  flowers  we  substitute  distance 
covered  in  yards,  C  would  certainly  be  a  further  distance 
ahead  of  D  at  the  second  timing  than  at  the  first ;  nor,  ac- 
cording to  the  observed  properties  of  the  n*-actice  curve,  would 
C's  lead  be  likely  ever  to  become  less. 

And  further,  since  the  ratio  of  gain  is  not  constant  in 
the  practice  curve,  but  tends  to  decrease,  the  relative  gain 
cannot  itself  be  employed  as  a  criterion  of  practice  effect, 
though  it  is  similar,  whether  time  or  amount  is  taken  as  the 
unit  of  measurement.  If  one  considers  equal  percentile 
changes,  no  matter  what  their  bases,  to  represent  equal 
practice  effects,  one  runs  counter  to  our  most  fundamental 
conceptions  of  the  nature  of  the  practice  curve.  One  can 
scarcely  require  that  a  function  of  600  units  shall  show  300 
units  of  improvement  before  it  shall  be  judged  to  have  im- 
proved equally  to  an  increase  of  50  units  from  a  basis  in 
another  individual  of  100  units.  If  a  function,  x,  begins  at 
600  units  and  increases  to  900,  it  should  certainly  be  accounted 
more  plastic  than  an  identical  function,  y,  which  begins  at 
100  and  in  the  same  time  increases  to  but  150.  It  is  another 
question  whether  y  should  be  accounted  more  plastic  than 
2,  which  begins  at  500  units  and  rises  under  the  given  con- 
ditions to  550.  If  3'  reaches  the  500  mark  it  will  not, 
presumably,  be  able  to  reach  550  as  quickly  as  it  did  150 
from  the  100  mark,  therefore,  not  so  quickly  as  3  increased 
from  500  to  550.  On  the  other  hand,  3;  has  already  increased 
in  capacity  by  50%,  which  .c  is  not  likely  ever  to  do  now. 
It  would  depend  upon  whether  r's  advanced  position  were 
to  be  regarded  as  constitutional,  or  due  to  an  advanced 
position  in  the  practice  curve.  If  the  constitutional  ability 
of  2  began  at  or  near  that  of  y,  it  must  be  reckoned  as  more 
plastic;  if  it  is  fairly  represented  by  the  500  unit  mark,  it  is 
obviously  less  so. 

But  of  course  we  cannot  know  objectively,  from  any  iso- 
lated or  initial  performance,  what  part  of  the  function's 
practice  curve  it  represents.  This  we  must  know,  to  judge 
of  the  amount  of  plasticity  represented  by  a  given  practice 
gain.  From  the  form  of  the  actual  practice  curves  we  must 
judge  whether  there  are  sufficient  differences  in  the  stages 
of  Dractice  to  modify  the  interpretations  of  the  gains  accord- 
inglv.  Except  where  such  differences  are  indicated,  and  they 
scarcely  seem  to  be  in  the  present  results,  there  would  seem  to 
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be  two  criteria  of  greater  plasticity.  First,  a  greater  absolute 
gain,  in  terms  of  amount,  upon  a  basis  of  greater  initial 
performance.  Secondly,  a  greater  relative  gain  leading  to  a 
greater  efficiency  of  terminal  ]>erformance."     [Wells,  '12,  pp. 

82-85] 

In  comparing  improvement  in  different  functions  the  mean- 
ing of  our  comparison  is  likely  to  be  still  more  dependent  on 
assumptions  and  perhaps  the  'times'  judgment  is  never  per- 
fectly justifiable. 

If  we  can  properly  define  any  two  scores  (Ii  and  Ei) 
in  one  function  (F, )  as  equal  respectively  to  two  scores 
(L  and  E-)  in  the  other  function  (F2),  we  can  compare  the 
rate  of  change  from  Ii  to  Ei  with  the  rate  of  change  from 
lo  to  E2.  If  we  can  so  equate  many  scores  in  Fi,  each  witli 
some  score  in  Fo,  we  can  extend  the  comparison. 

If  equating  of  any  sort  is  unjustifiable,  then  all  comparisons 
are  (except  when  there  is  zero  or  negative  improvement  in 
one  function).  Perhaps  they  are.  There  seems,  however,  to 
l^e  a  certain  reasonableness  in  the  common-sense  judgment  that 
one  improves  more  rapidly  in  learning  to  typewrite  than  in 
learning  to  play  the  violin,  in  learning  to  read  ]*"rench  than 
in  learning  to  read  Hebrew.  To  lie  able  to  translate  the  same 
passage  (i)  from  Hebrew  to  English  and  (2)  from  French 
to  English  seems  to  me  to  mean  equal  achievements  in  a  certain 
real  and  useful  sense.  But  I  will  not  trouble  the  reader  with 
these  questions  of  quantitative  logic* 

THE   LIMIT   OF   IMPROVEMENT 

The  limit  of  efficiency  of  a  mental  function  is,  of  course, 
rarely  reached  in  experimental  studies,  save  in  the  case  of 
extremely  'narrow'  functions,  such  as  knowing  the  meaning 
of  one  or  a  few  words,  being  able  to  repea<^  a  ])oem,  or  type- 

*  The   general    principles    for    the    measurement    i  f    change    in    mental 
functions,   and   for   making   measurements   of   change   commensurate,   will 
be    found    in    the    author's    Introduction    to    the    Theory    of   Mental   and 
Social  Measurements,  Chapter   IX. 
12 
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writing  a  single  sentence.  The  best  illustrations  of  mental 
functions  at  their  limit  of  efficiency  are  to  be  found  among 
those  occupations  of  work  or  play  excellence  in  which  is 
sought  with  great  zeal  and  intelligence.  The  championship 
'records'  in  typewriting,  shorthand,  telegraphic  sending,  golf, 
billiards,  and  the  like,  show  approximations  to  the  limits  of 
improvement  in  the  functions  concerned  in  the  case  of  in- 
dividuals gifted  by  nature  prol)ably  wnth  specially  high  limits 
in  the  cases  in  question. 

The  feats  of  such  exjierts — who  can  typewrite  70  words 
containing  approximately  350  letters  per  minute,  take  down 
the  most  rapid  speech  without  an  error,  send  49  words  or 
486  separate  impacts  on  the  telegraph  key  in  a  minute,*  keep 
four  balls  tossing  in  the  air  with  one  hand,  multiply  any  number 
less  than  1000  by  any  similar  number  in  a  few  seconds,  drive 
a  golf  ball  over  tw'o  hundred  }'ards  within  an  angle  of  ten 
degrees,  and  the  like. — are  doubtless  beyond  what  the  majority 
of  men  could  ever  achieve.  Such  expertness  is  the  product 
of  a  rare  native  ability  as  well  as  of  long,  intelligent  and 
earnest  practice.  On  the  other  hand,  the  efficiency  possible 
in  any  one  such  function  in  the  case  of  an  ordinary  person,  who 
gives  enough  time  and  interest  to  well-advised  practice  in  it, 
is,  I  am  convinced,  often  underestimated.  The  main  reason 
why  we  write  slowdy  and  illegibly,  add  slowly  and  with  fre- 
quent errors,  delay  our  answers  to  simple  questions  and  our 
easy  decisions  between  courses  of  action,  make  few  and  uneven 
stitches,  forget  people's  names  and  our  own  engagements,  lose 
our  tempers,  and  the  like,  is  not  that  we  are  doing  the  best  that 
we  are  cai)able  of  in  that  particular.  Tt  is  that  we  have  too 
many  other  improvements  to  make,  or  do  not  know  how  to 
direct  our  practice,  or  do  not  really  care  enough  about  improv- 
ing, or  some  mixture  of  these  three  conditions. 

'   It  is  my  impr:ssion  that  the  majority  of  men  remain  far 
below  their  limit  of  efficiency  even  when  it  is  decidedly  in 

*  See  Bryan   and   Harter,    97,  p.   30  and  p.  34. 
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their  interest  to  approach  it.  and  when  they  think  they  are 
doing  the  best  that  they  are  capable  of.  I  venture  to  prophesy 
that  the  thousand  bookkeepers  in.  say,  the  grocery  stores  of 
New  York  who  have  each  had  a  thousand  hours  of  practice 
at  addition,  are  still,  on  the  average,  adding  less  than  two- 
thirds  as  rapidly  as  they  could,  and  making  twice  as  many 
errors  as  they  would  at  their  limit.  It  appears  likely  that 
the  majority  of  teachers  make  no  gain  in  efficiency  after  their 
third  year  of  service,  but  I  am  confident  that  the  majority 
of  such  teachers  could  teach  very  much  better  than  they  do. 
Even  in  a  game  where  excellence  is  zealously  sought,  the 
assertion  that  "I  stay  at  just  the  same  level,  no  matter  how 
much  I  practice"  probably  does  not  often  mean  that  the  in- 
dividual in  question  has  really  reached  the  physiological  limit 
set  for  him  in  that  function. 

I  cannot  prove  the  assertions  made  in  the  last  two  para- 
graphs, since  the  experiment  of  subjecting  such  individuals  to 
practice  under  proper  conditions  of  methods  and  interest  has 
not  been  made.  Nor  can  I  give  the  evidence  that  has  led  to  the 
assertions,  since  it  includes  too  many  fragmentary  facts  from 
too  wide  a  variety  of  sources.  Only  a  few  samples  of  the 
facts  that  seem  to  me  to  show  that  men  in  general  thus  fall 
short  of  their  possible  efficiencies  can  be  quoted. 

First,  hardly  any  functions  have  ever  been  practiced  in  the 
course  of  the  scientific  study  of  mental  functions,  which  did 
not  improve  and,  provided  they  were  of  fairly  narrow  scope 
and  with  success  and  failure  easily  distinguishable,  at  a  fairly 
rapid  rate.* 

Second,  there  are  striking  cases  of  individuals  who  have 
had  enormously  long  practice,  as  taken  in  the  course  of  schools 
or  trades,  and  who  have  kept  at  the  same  level  of  efficiency 
for  a  long  time,  but  who.  under  more  favorable  conditions, 
make  notable  advances.  For  example.  AschafTenburg  ['g6  b.] 
had  four  experienced  type-setters  set  type  for  an  hour  and  a 

*  As  will  be  shown  in  the  following  chapter,  approach  to  the  limit  of 
efficiency  is   usually  witnessed  by   a   very  slow   rate  of   improvement. 
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quarter,  on  each  of  four  successive  days,  in  their  own  shop, 
with  their  own  type,  etc.  Either  they  held  back  in  the  early 
days  for  no  intelhgible  reason,  or  they  improved  notably  under 
the  stimulus  of  an  observer  and  the  zeal  to  make  a  good 
showing. 

The  first  and  third  were  'normal'  days ;  on  the  second  and 
fourth  alcohol  was  administered,  but  not  till  after  the  first 
quarter-hour.  The  achievement,  in  terms  of  letters  and  spaces 
'set'  in  the  first  quarter  hour  of  each  day,  was  as  follows : 


)AY 

INDIVIDUAL 

F.S. 

K.  O.C. 

C.  H. 

,.L. 

AVERAGE 

I 

577 

524 

599 

600 

575 

2 

649 

506 

601 

614 

593 

3 

601 

598 

669 

664 

633 

3 

725 

594 

656 

723 

675 

Third,  a  new  stimulus  to  interest  and  effort,  or  new 
methods  of  training,  often  produces  a  similar  advance  in  the 
ordinary  work  of  the  world.  For  example,  the  record  in  the 
pole-vault  has  risen  in  a  score  or  so  of  years  by  many  inches. 
This  can  only  l^e  explained  by  supposing  that  the  pole-vaulters 
of  twenty  years  ago  could  have  vaulted  much  higher  than 
they  did,  had  they  used  better  methods,  or  more  zeal,  or 
both.  Probably  the  jugglers  of  the  past  thought  that  keeping 
three  balls  tossing  and  Ixilancing  a  chair  on  one's  nose  were 
the  limits  to  skill  until  some  one  did  keep  four  balls  tossing 
or  balance  a  chair  on  an  umbrella  on  his  nose.  They  then  found 
that  they  too  could  do  likewise. 

Fourth,  all  that  we  know  of  the  neurones  as  modifiable 
organs,  and  of  the  physiology  of  learning,  seems  to  me  to  show 
that  many  more  connections  can  be  formed  than  usually  are 
formed,  and  that  any  given  set  of  connections  can  be  brought 
to  a  surety  and  fluency  of  action  approximating  in  result 
the  expertness  at  which  we  marvel,  if  the  conditions  of  proper 
stimulation  and  reward  by  satisfaction  are  provided. 
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It  seems  to  me  therefore  that  mental  training  in  schools, 
in  industry  and  in  morals  is  characterized,  over  and  over  and 
over  again,  by  spurious  limits — by  levels  or  plateaus  of  effi- 
ciency which  could  be  surpassed.  The  person  who  remains  on 
such  a  level  may  have  more  important  things  to  do  than  to 
rise  above  it;  the  rise,  in  and  of  itself,  may  not  be  worth  the 
time  required;  the  person's  nature  may  be  such  that  he  truly 
cannot  improve  further,  because  he  cannot  care  enough  about 
the  improvement  or  cannot  understand  the  methods  necessary. 
But  sheer  absolute  restraint — because  the  mechanism  for  the 
function  itself  is  working  as  well  as  it  possibly  can  work — 
is  rare. 

In  connection  with  this  topic  of  the  limit  of  improvement 
I  may  mention  a  curious  confusion  in  our  thought  which  is 
of  great  significance  for  education.  Even  gifted  thinkers  con- 
fuse the  absolute  amount  of  an  increment  of  efficiency  up  near 
the  human  limit  with  its  rarity.  Thus,  suppose  such  thinkers 
to  be  asked  to  compare,  as  products  of  ability  in  writing,  a 
paragraph  of  the  best  English  prose  and  an  'excellent'  high 
school  composition,  such  as  would  be  graded  A ;  or  to  compare,  ^ 
as  products  of  efficiency  in  chess,  an  international  chess  cham- 
pion's play  w^ith  that  of  the  champions  of  clubs  in  cities  of 
100,000  inhabitants ;  or  to  compare  the  ability  of  the  base-ball 
player  who  gets  five  t!  iisand  dollars  a  season  with  that  of 
the  player  who  gets  f.\e  h  :ndred;  or  to  compare  the  ability  of 
tournament  winners  in  i  -  ewriting  with  the  ability  which  an 
ordinary  college  studer  t  c:in  get  in  forty  hours ;  or  to  compare 
the  drawings  of  Rem'  Tindt,  Diirer  and  Millet  with  those  of 
the  average  magazine  illustration.  In  a  majority  of  cases  the 
answers  would  be  in  ?  ich  terms  as  'Enormous,'  'As  white 
from  black,'  'Infinitely  rieater  ability,'  'As  a  thousand  to  one/ 
and  the  like. 

I  doubt  whether  the  reader,  even  now,  is  convinced  of  the 
fallacy  in  their  judgments,  in  spite  of  my  having  described  it 
«nd  given  him  clue  to  a  proof  of  it  by  the  case  of  the  expert 
at  typewriting.     They  are  fallacious,  however,  the  amounts 
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of  difference  in  these  cases  being  far  from  enormous  or  from 
the  difference  of  a  thousand  of  anything  from  one  of  it.  Their 
real  magnitude  may  be  shown  in  three  ways. 

First,  in  such  cases  as  typewriting  or  telegraphy  the  dif- 
ference between  the  best  performance  in  the  world  and  'the 
ordinary  good  operator's  work,'  or  'the  work  of  a  learner  after 
forty  hours'  practice,'  and  the  like,  is  deifinable  objectively  as 
so  many  impacts  more  per  unit  of  time  and  so  many  fewer 
errors.  The  world's  leader  can  typewrite,  say  three  times  as 
fast  as  the  forty-hour  person  when  each  is  doing  substantially 
errorless  work.  One  could  afford  to  pay  the  expert  three  times 
as  much.  It  is  literally  true  that  two  copyists  employable  at 
the  average  typewriter's  wage  in  a  community  could  probably 
together  beat  the  expert  by  a  considerable  margin. 

In  telegraphy  a  year's  training  enables  a  bright  boy  or 
girl  to  'send'  accurately  at  around  twenty  words  a  minute. 
The  world's  champion  could  not,  at  his  best,  do  the  work  of 
three  such  novices.  The  difference  between  the  product  of 
*a  first-class  operator'  and  the  world's  best  is  a  difference 
of  ten  words  a  minute — from  about  forty  to  about  fifty. 
They  stand  not  as  white  to  black,  or  looo  to  i,  but  as  50  to 
40.  A  man  is  acclaimed  the  world  over  who  can  run  110 
yards  in  ten  seconds,  but  any  healthy  youth  can  run  two 
thirds  as  fast ! 

Where  the  differences  in  question  are  not  thus  objectively 
measurable,  they  can  be  proved  to  be  moderate  by  the  over- 
lapping of  the  best  parts  of  the  ordinary  performance  and  the 
worst  parts  of  the  supposedly  far,  far  superior  performance. 
Thus  the  'local  champion'  at  his  best  will  occasionally  get  a 
game  from  the  world's  master  at  chess.  I  found  that  an 
occasional  sentence  in  a  hack  translation  of  the  Odyssey  made 
for  illicit  use  by  school-boys  was  demonstrably  superior  to 
the  corresponding  sentence  in  the  translation  of  that  acknow- 
ledged master  of  English  prose,  G.  H.  Palmer.  If  the  world's 
champions  at  base-ball  were  'enormously'  superior  to  the 
riine  supported  by  Pawtucket  or  Oshkosh,  they  would  make 
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a  thousand  runs  an  inning,  being  put  out  only  by  some  ex- 
traordinary combination  of  fortuities. 

In  the  third  place,  we  can  measure  the  differences  in 
question  by  interposing  a  series  of  performances  of  different 
amounts  of  efficiency  between  the  tip-top  performance  and 
the  moderate  one,  so  as  to  analyze  the  total  difference  into 
the  sum  of  a  series  of  small  differences,  each  of  which  zve  can 
measure  by  the  percentage  of  just  judges  who  are  able  to  see 
in  which  direction  the  difference  really  lies.  For  example, 
take  the  difference,  in  merit  as  English  compositions,  between 
Paragraph  A,  which  is  one  of  the  best  paragraphs  in  Wash- 
ington Irving's  writings  or  in  English  prose  generally,  and 
paragraph  B,  which  is  an  'excellent'  college  freshman's  com- 
position. 

A. 

In  the  meantime,  the  seasons  gradually  rolled  on.  The 
little  frogs  which  had  piped  in  the  meadows  in  early  spring, 
croaked  as  bull-frogs  during  the  summer  heats,  and  then  sank 
into  silence.  The  peach-tree  budded,  blossomed,  and  bore  its 
fruit.  The  swallows  and  martins  came,  twittered  about  the 
roof,  built  their  nests,  reared  their  young,  held  their  congress 
along  the  eaves,  and  then  winged  their  flight  in  search  of 
another  spring.  The  caterpillar  spun  its  winding-sheet, 
dangled  in  it  from  the  great  button-wood  tree  before  the 
house;  turned  into  a  moth,  fluttered  with  the  last  sunshine  of 
summer,  and  disappeared :  and  finally  the  leaves  of  the  button- 
wood  tree  turned  yellow,  then  brown,  then  rustled  one  by 
one  to  the  ground,  and  whirling  about  in  little  eddies  of  wind 
and  dust,  whispered  that  winter  w^as  at  hand. 

B. 
Joan  of  Arc,  worn  out  by  the  suffering  that  was  thrust 
upon  her,  nevertheless  appeared  with  a  brave  mien  before  the 
Bishop  of  Beauvais.  She  knew,  had  always  known  that  she 
must  die  when  her  mission  was  fulfilled  and  death  held  no 
terrors  for  her.  To  all  the  bishop's  questions  she  answered 
firmly  and  without  hesitation.  The  bishop  failed  to  confuse 
her  and  at  last  condemned  her  to  death  for  heresy,  bidding 
her  recant  if  she  would  live.  She  refused  and  was  led  to 
prison,  from  there  to  death. 
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While  the  flames  were  writhing  around  her  she  bade  the 
old  bishop  who  stood  by  her  to  move  away  or  he  would  be 
injured.  Her  last  thought  was  of  others,  and  De  Quincey  says 
that  recant  was  no  more  in  her  mind  than  on  her  lips.  She 
died  as  she  lived,  with  a  prayer  on  her  lips  and  listening  to 
the  voices  that  had  whispered  to  her  so  often. 

The  heroism  of  Joan  of  Arc  was  wonderful.  We  do  not 
know  what  form  her  great  patriotism  took  or  how  far  it 
really  led  her.  She  spoke  of  hearing  voices  and  of  seeing 
visions.  We  only  know  that  she  resolved  to  save  her  country, 
knowing  though  she  did  so,  it  would  cost  her  her  life.  Yet 
she  never  hesitated.  She  was  uneducated  save  for  the  lessons 
taught  her  by  nature.  Yet  she  led  armies  and  crowned  the 
dauphin,  king  of  France.  She  was  only  a  girl,  yet  she  could 
silence  a  great  bishop  by  words  that  came  from  her  heart  and 
from  her  faith.  She  was  only  a  woman,  yet  she  could  die 
as  bravely  as  any  martyr  who  had  gone  before. 

By  inserting  intermediaries,  it  is  found  that  the  superiority 
of  A  over  B  is,  by  the  very  same  judges  who  would  assert 
that  the  best  English  paragraph  was  infinitely  superior  to  a 
good  school  composition,  rated  as  about  equal  to  the  supe- 
riority of  B  to  C,  or  of  C  to  D.  These  differences  cannot  well 
be  called  enormous,  since  in  fact  only  about  three  teachers 
of  English  out  of  four  can  even  tell  which  way  the  difference 
lies! 


Before  the  Renaissance,  artists  and  sculptors  made  their 
statues  and  pictures  thin  and  weak-looking  figures.  They  saw 
absolutely  no  l>eauty  in  the  human  body.  At  the  time  of  the 
Renaissance,  artists  began  to  see  beauty  in  muscular  and 
strong  bodies,  and  consequently  many  took  warriors  as  sub- 
jects for  their  statues.  Two  of  the  statues  that  Michel  Angelo, 
the  great  sculptor  and  artist,  made,  Perseus  with  the  head  of 
Medusa,  and  David  with  Goliath's  head,  are  very  similar. 
They  show  minutely  and  with  wonderful  exactness  every 
muscle  of  the  body.  Michel  Angelo  was  a  great  student  of 
the  body,  especially  when  it  was  in  a  strained  position.  The 
position  of  the  figures  on  the  tomb  of  Lorenzo  the  Great  is 
so  wonderful  that  one  can  almost  see  the  tension  of  the 
muscles. 
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D. 

I  am  going  to  Princeton  partly  because  it  was  my  father's 
college.  I  also  prefer  to  go  to  a  college  away  from  home. 
You  get  the  college  life  much  more  that  way.  My  main  reason 
is  on  account  of  the  great  advantages  held  forth  in  the  pre- 
ceptorial system.  The  preceptorial  system  is  organized  as 
follows.  Imagine  a  class,  junior,  for  example,  of  perhaps  three 
hundred,  divided  into  sections  of  twenty-five  each.  For  each 
of  these  sections  there  are  six  preceptors,  men  engaged  to 
head  groups  of  four  or  five  to  talk  over  their  work  with  them 
and  give  them  points  and  suggestions  about  it. 

The  main  reason  for  the  fallacious  estimates  of  differences 
near  the  limit  of  efficiency  is,  as  we  said,  that  we  confuse 
the  rarity  of  the  increase  with  its  amount.  We  judge  differ- 
ences in  intellectual  products  near  the  middle  of  the  human 
range  by  their  intrinsic  quantity  and  (juality,  but  we  shift  our 
basis  of  judgment  as  the  limit  is  approached  and  misinterpret 
moderate  intrinsic  differences  as  ver)'  great  ones  because  they 
occur  seldom,  l^ecome  famous,  and  are  given  large  financial 
rewards. 

This  confusion  is  of  importance  in  education  because  it 
has  resulted  in  indiscriminate  eulogy  and  valuation  of  ex- 
pertness — of  specially  high  efficiency  in  any  line.  Just  as 
there  is  no  great  value  in  getting  horses  to  trot  in  two-thirty 
or  faster,  since  we  can  more  conveniently  go  at  these  speeds 
in  automobiles :  nor  in  getting-  a  man  able  to  choke  a  tiger  with 
his  naked  hands,  since  it  is  tidier  to  shoot  it, — so  there  is,  in 
whittling,  penmanship,  typewriting,  drawing,  spelling,  purity 
of  diction,  and  the  like,  for  any  given  person  a  point  beyond 
which  practice  l)rings  rapidly  diminishing  returns  for  the 
world's  good.  Many  functions  are  practiced  far  too  long  by 
many  pupils.  On  the  other  hand,  we  undervalue  specially 
high  efficiency  in  certain  lines.  If  a  man  by  one  thousand 
hours  of  study  of  medicine  can  become  a  good  general 
practitioner,  and  by  fortv  thousand  hours  of  study  can  become 
the  equal  of  Pasteur  or  Ehrlich,  the  world  should  compel  him 
to  spend  the  forty  thousand  hours. 


chapter  viii 

The  Factors  and  Conditions  of  Improvement 

the  elements  in  improvement 

We  may  start  with  the  gross  changes  in  efficienc}'  as 
scored,  and  analyze  them  back  into  the  elements  which  con- 
stitute them,  or  we  may  start  with  the  elementary  changes 
found  in  the  simplest  facts  of  learning  and  show  how  certain 
of  these  facts,  when  happening  together  in  a  certain  way,  pro- 
duce the  gross  changes  in  efficiency  as  scored.  Both  procedures 
lead,  I  l^elieve,  to  the  same  conclusion — that  improvement  is 
the  addition  or  subtraction  of  bonds  or  the  addition  or  sub- 
traction of  satisfyingness  and  annoyingness.  When  any  func- 
tion is  improved,  either  some  response  is  being  put  with,  or 
disjoined  from,  some  situation;  or  some  state  of  affairs  is 
being  made  more  satisfying  or  more  annoying.  The  rise  of 
the  practice  curve  parallels  the  growth  of  a  system  of  habits, 
attitudes  and  interests. 

The  addition  of  bonds  may  be  apparent  in  external  be- 
havior, as  when  the  adder  comes  to  connect  ^^  directly  with 
the  thought  of  79;  apparent  z'ia  the  learner's  report,  as  when 

the  adder  comes  to  connect    8     directlv  with  the  thought  of 

20;  or  hidden  in  the  nervous  system,  and  observable  only 'in 
the  form  of  secondary  consequences,  as  when  the  adder  comes 
to  get  the  response  'thought  of  79'  to  the  situation  ^^  ,  nine 
hundred  and  ninety-nine  times  out  of  a  thousand  instead  of 
ninety  hundred  and  ninety.*  So  also  for  the  subtraction  of 
bonds;  as  in  the  cases,  respectively,  of  one  ceasing  to  write 

*  The  inner  process  here  might  be  in  whole  or  in  part,  one  of  subtract- 
ing bonds. 
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down  the  amount  he  has  to  'carry' ;  of  one  ceasing  to  say  to 
himself  ' —  and  —  are  — ;'  and  of  one  getting  the  response 
'thought  of  79'  to  the  situation  ^^  in  one  second  instead  of 
eight  seconds.* 

Strengthening  and  weakening  could  have  been  used  in  the 
foregoing  in  place  of  'addition  of  and  'sul3traction  of.'  Add- 
ing a  bond  is  simply  strengthening  it  from  zero  strength  up; 
strengthening  a  bond  is  simply  adding  to  it  piecemeal.  Sub- 
tracting a  bond  is  weakening  it  to  zero,  and  weakening  it  is 
subtracting  from  it  piecemeal. 

When  one  bond  is  weakened  and  another,  to  take  its 
place,  is  simultaneously  added,  we  have  the  common  case  of 
improvement  by  substituting  a  superior  response. 

The  addition  and  subtraction  of  satisfyingness  and  an- 
noyingness  may  also  be  apparent  in  external  behavior,  apparent 
via  the  learner's  report,  or  observable  only  by  one  who  had  a 
view  of  the  inner  workings  of  the  nervous  system.  When  the 
sincere  learner  ceases  his  complaints  at  the  task,  choosing  to 
memorize  nonsense  syllables  rather  than  read  the  story  he  would 
before  have  infallibly  preferred,  all  competent  observers  judge 
that  the  balance  between  the  satisfyingness  and  the  annoyingness 
of  the  state  of  affairs  in  question  has  changed.  Or  he  may, 
without  external  signs  other  than  speech,  report  to  them  an 
increase  in  zeal  as  each  syllable  is  fixed.  Or  a  certain  con- 
duction-unit in  his  brain  may  increase  its  readiness  to  conduct, 
but  to  so  small  an  extent,  or  in  connection  with  such  other  hap- 
penings, that  he  has  no  witness  to  the  fact  in  the  form  of 
an  observable  increase  in  felt  satisfaction  at  the  felt  state 
of  afifairs  corresponding  to  that  conduction-unit's  conduction. 

The  physiology  and  psychology  of  welcoming  and  reject- 
ing, liking  and  disliking,  being  content  and  being  annoyed, 
have  received  little  attention,  and  their  role  in  improvement  has 
been  described  only  vaguely  as  the  total  fact  that  the  person 
'lost  his  aversion  to  the  work'  or  'gained  zest  for  success'  or 

*  The  inner  process  here  might  be,  in  whole  or   in  part,   one  of  add- 
ing bonds. 
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the  like.  Everyone  can,  however,  see  their  importance  in  the 
improvement  of  abihties  hke  the  production  of  music  or  writ- 
ing EngHsh,  a  large  part  of  which  consists  in  being  able  to  be 
satisfied  by  the  good  elements  of  what  one  produces,  and  so 
to  reject  the  bad.  Such  cherishing  and  rejecting  is  potent 
also  in  adding,  typewriting,  playing  billiards,  and  the  like. 
Everywhere  practice  may  not  only  bind  the  right  response 
to  a  certain  situation,  but  also  teach  us  to  be  satisfied  by 
their  connection.  In  playing  golf  the  satisfyingness  of  the 
sight  of  one's  ball  speeding  down  the  course  spreads  to  make 
the  way  one  held  and  moved  the  club  a  little  more  satisfying 
as  a  response  to  the  situation  which  provoked  the  stroke; 
and  this  makes  for  improvement  as  truly  as  does  an  actual 
strengthening  of  the  bond  between  the  situation  provoking 
the  stroke  and  the  stroke.  For,  in  playing  golf,  we  do  not 
necessarily  meet  each  situation  by  the  position  or  mcn'ement 
which  has  the  closest  bond  with  the  situation,  but  select  from 
several  the  one  which  feels  right  to  us  as  we  execute  it.  We 
may  direct  each  stage  in  the  club's  swing  to  make  it,  in  the 
expres.^ive  slang,  'feel  good  to'  us.  The  same  rejection  of 
one  satisfying  response  after  another  occurs  in  all  mental  pro- 
duction. Even  in  what  seems  to  be  a  fluent  sequence  of  sheer 
connecting  without  selection,  all  the  responses  being  equally 
satisfying  (as  in  expert  adding),  there  will  be  found  this  same 
varied  reaction  and  selection.  Slight  tendencies  to  think  of 
other  matters  or  to  relax  the  w^ide-awakeness  to  'combinations' 
do  appear.  Nipping  these  in  the  bud  and  being  satisfied  by 
unremitting  devotion  to  the  proper  task  is  an  element  in 
speed,  and  the  greater  satisfaction  thereat  is  consequently  an 
element  in  improving  speed. 

I  cannot  prove  that  the  mere  addition  and  subtraction  of 
connections,  satisfyingness  and  annoyingness  account  for  all 
improvement  of  functions  by  exercise.  AVhoever  believes  in 
some  general  fund  of  mental  energy,  or  in  some  super- 
associative  powers  of  analysis  and  inference,  or  in  some  subtler 
principles  of  organization  than  straightforward  habit-forma- 
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tion  has  perhaps  a  right  to  retain  his  behef  and  the  added  behef 
that  practice  somewliat  mysteriously  improves  these.  Experi- 
mental analysis  of  improvement  will,  I  am  confident,  in  the 
end  show  that  every  change  in  every  function  is  a  change  in 
neural  bonds  and  readinesses  to  act.  Experimental  analysis 
of  improvement  has,  however,  barely  begun,  and  there  is,  as 
yet,  a  wide  margin  for  doubt.  Some  of  the  most  doubtful 
cases  may  be  examined  l)riefly  here. 

These  concern  what  we  may  call  the  'analytic  and  selective' 
functions — such  as  knowledge  of  grammar  or  logic,  or  solving 
problems  in  arithmetic  or  originals  m  geometry,  or  ability  to 
solve  'intellectual'  puzzles, — and  what  were  called  the  'formal' 
functions — such  as  ability  to  memorize  words,  ability  to  dis- 
criminate lengths,  ability  to  observe  small  visual  details. 
Whereas  improvement  in  adding  resolves  itself  easily  into 
additions,  subtractions,  and  substitutions  of  bonds,  improve- 
ment in  solving  successive  sets  of  twenty  from  a  thousand 
miscellaneous  problems  (each  a  novelty  so  far  as  may  be) 
does  not.  Improvement  in  the  latter  case  tempts  one  rather 
to  assume  abstraction,  selection  and  inference  as  irreducible 
powers  that  have  been  improved  by  the  training.  That  they 
would,  however,  be  reducible  to  changed  bonds  and  readinesses 
if  the  facts  were  fully  known,  is  made  probable  by  the  following 
facts :  The  share  of  changed  bonds  in  the  improvement  is 
seen  to  increase  when  bonds  with  elements,  aspects  and  re- 
lations, as  well  as  with  gross  total  situations  themselves,  are 
considered.  Efiiciency  in  solving  one  problem  is  then  seen 
to  be  related  to  efficiency  in  solving  another  by  the  identity 
or  likeness  (that  is,  partial  identity)  of  certain  elements  or 
features  of  the  situations.  The  share  of  changed  bonds  in  the 
improvement  is  seen  to  increase  also  when,  upon  examination, 
inference,  or  the  selection  of  a  response  in  apparent  defiance  of 
habitual  connections,  is  found  to  l^e  precisely  a  selection  from  the 
responses  which  habitual  connections  offer  on  the  basis  of  the 
information  about  each  of  these  responses  which  its  further 
habitual  associates  bring,  all  the  habitual  connections  being 
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determined  by  the  attitude  or  set  of  tlie  individual  at  the  time. 
The  rise  of  ideas  in  the  consideration  of  a  problem  for  'rea- 
soning' and  their  rejection  or  retention  by  virtue  of  their 
promise  of  satisf)Hng  the  want  specified  by  the  set  the  problem 
has  established,  offer,  in  fact,  a  striking  case  of  the  reduction 
of  l>ehavior  to  connecting,  welcoming  and  rejecting.  The 
bonds  may  act  in  very  rapid  sequences,  and  may  cooperate 
to  determine  response  in  ways  of  which  the  man's  behavior 
(including  his  consciousness)  give  only  the  slightest  hints, 
but  whenever  we  do  see  what  is  happening  in  reasoning,  it 
is  a  habit  that  we  see. 

This  view  of  the  elements  of  improvement  in  analytic 
and  selective  functions,  radical  as  it  is.  seems  to  be  a  fair  in- 
ference from  accepted  facts  of  physiology  and  psychology. 
Woodworth,  for  example,  summarizing  the  essentials  of  the 
so-called  'higher'  forms  of  thought,  writes : 

"One  cannot  fail  to  be  impressed  by  the  great  similarity 
of  the  mental  process  as  it  appeared  in  all  those  forms  of 
perception,  analysis  and  abstraction,  comparison  and  reason- 
ing, as  well  as  those  of  learning  and  recall,  presented  in  the 
preceding  chapter.  All  of  these  performances,  even  the  most 
intellectual,  though  they  differ  greatly  in  content,  preserve 
the  method  of  procedure  that  was  visible  in  learning  by  trial 
and  error.  In  all  cases  of  this  procedure  there  appears  the 
controlling  influence  of  some  problem  or  aim  which  so  sets 
or  adjusts  the  psycho-physical  mechanism  as  to  select  the 
relevant  associative  tendencies  and  make  them  prevail  above 
others  which  are  irrelevant  to  the  problem  in  hand.  In  all 
cases,  too.  the  process  of  solution — with  the  exception  of 
persons  well  drilled  in  very  similar  problems — is  usually  far 
from  straightforward ;  it  has  rather  the  form  of  varied  and 
tentative  reaction;  and  in  all,  an  essential  fact  is  the  dealing 
with  parts  or  features  of  a  situation  by  emphasizing  each  in 
turn  to  the  temporary  neglect  of  other  features.  Such  think- 
ing appears,  in  other  words,  as  a  species  of  observation  with 
reaction :  and  the  degrees  of  its  intellectuality  and  practical 
success  depend  largely  on  what  is  observed,  i.  e.,  on  the  content 
or  material  of  the  process  rather  than  on  its  form.  It  is  a 
question  of  what  features  of  a  situation  are  isolated  or  analyzed 
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out,  and  made  the  starting-point  for  recall  and  motor  reaction. 
To  note  the  fall  of  an  apple  is  to  analyze  out  a  comparatively 
obvious  feature;  to  distinguish  falling  as  a  feature  of  the 
moon's  revolution  about  the  earth  is  still  analysis,  proceeding 
in  much  the  same  manner,  but  dealing  with  more  difficult 
material  and  working  with  more  refined  and  elaborate  tools." 
['11,  p.  606  f.] 

The  difficulty  in  reducing  the  improvement  in  the  'formal' 
functions  (such  as  quickness  of  association  in  general,  ability 
to  memorize  nonsense  syllables  in  general,  and  the  like)  to 
additions  and  subtractions  of  specific  bonds  is,  in  my  opinion, 
due  to  oversight  of  certain  specific  bonds  (especially  bonds 
with  elements)   and  of  the  law  of  assimilation  or  analogy. 

When  a  person  by  practice  in  learning  ten  series  of  non- 
sense syllables  improves  his  ability  to  memorize  series  ii  (call 
it  rk'  dok  zviib  scb  tir  hem  ncg  tar  Ink  bos),  there  are  many 
specific  bonds  common  to  the  first  ten  tasks  and  the  eleventli 
which  careful  scrutiny  discloses.  The  negative  associations — 
the  rejection  of  distracting  ideas  and  impulses — may  be  almost 
identical ;  the  bonds  producing  whatever  general  attitude  has 
been  selected  as  favorable  in  the  course  of  practice  serve  for 
a  new  set  of  nonsense  syllables ;  the  bonds  with  nonsen- 
sicality  itself  and  with  whatever  other  elements  riz>  dok  wuk, 
etc.,  have  in  common  with  the  hundred  previously  memorized; 
the  bonds  leading  from  the  notion  of  the  task ;  the  satisfying- 
ness  and  annoyingness  attached  to  the  common  features  of  the 
task — these  are  all  specific,  as  specific  as  the  bond  between 
44-5  and  9;  but  they  may  improve  the  rate  of  learning  any 
ten  nonsense  syllables.* 

*  In    long    practice    with    nonsense    syllables,    there    are    certain    very 
specific   bonds    besides    these.      For   then    the    sense    presentation   of   each 
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When  a  person  by  training  in  judging  the  lengths  of  a 
series  of  lines  50,  51,  52  .  .  .  150  mm.  long,  improves  his 
ability  to  judge  the  lengths  of  lines  50^,  5i/^,  52>4  .  .  . 
i^gYz,  he  has  specific  bonds  in  neither  case  in  the  sense  of 
a  bond  between  'seeing  a  56  mm.  line'  and  'thinking  56  and 
naught  else.'  But  he  does  have  specific  bonds  in  the  former 
case  in  the  sense  of  a  bond  between  'seeing  a  56  mm.  line' 
and  'thinking  of  some  numljier  l>etvveen  say  51  and  61  as 
satisfactory  and  of  no  number  outside  those  limits  as  satis- 
factory.' He  also  has  bonds  between  that  situation  and 
'approval  of  51,  approval  of  52,  etc.,  with,  say,  the  following 
degrees  of  probability:  i,  10,  45,  120,  210,  252.  210,  120, 
45,  10,  and  I,  each  out  of  1024.'  If  these  Ixjnds  are  used 
directly,  and  the  resulting  judgment  is  corrected  by  the  know- 
ledge that  the  new  series  runs  by  steps  of  i  mm.  from  50V2 
to  1493^,  they  will  carry  the  improvement  in  large  measure, 
or  totally,  over  to  the  new  series.  For  the  situation  'sight  of 
a  665^  mm.  line'  will  provoke  the  responses  attached  to  the 
situation  'sight  of  a  66'  and  'sight  of  a  67'  mm.  line,  which 
are  most  like  it.  Specific  changes  in  specific  bonds — not  a 
mysterious  improvement  in  'discrimination' —  constitute  the 
improvement  which  the  practice  brings.* 

On  tlie  whole,  therefore,  it  seems  best  to  regard  the  im- 
provement of  any  mental  function  as  entirely  reducible  to 
additions  and  subtractions  of  bonds  and  readinesses,  trusting 
that  any  residuum  of  improvement  now  attributable  to  subtler 
increases  in  mental  energy,  strengthening  and  refining  of 
general  powers  of  attention,  discrimination,  analysis,  and  the 
like,  will,  as  knowledge  increases,  shrink  toward  zero. 

of  the  possible  nonsense  syllables  gets  more  or  less  connected  with  a 
definite  percept,  becomes  less  and  less  an  unfamiliar  jumble  of  three 
letters,  more  and  more  a  familiar  object.  A  nonsense  series  then  becomes 
easier  to  memorize  for  the  same  reason  that  the  series  of  lines  of  Fig.  64 
is  easier  to  memorize  than  the  series  of  Fig.  65. 

*  The  exact  nature  of  the  specific  bonds  and  of  the  transfer  of  their 
effect  from  one  to  the  other  series  of  lengths  may  diflfer  from  that 
sketched  in  my  illustration,  but  the  same  principles  will  hold. 
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EXTERNAL    CONDITIONS    OF    IMPROVEMENT 

The  conditions  of  improvement  may  best  be  reviewed  under 
four  heads — External  conditions,  such  as  length  of  practice 
period,  time  of  day,  amount  of  food,  and  the  like ;  Physiological 
conditions,  such  as  dosing  with  alcohol  or  caffein  or  attack 
by  certain  diseases;  Psychological  conditions,  such  as  interest 
and  worry;  and  Educational  conditions,  such  as  the  organi- 
zation of  the  practice  drills  and  the  methods  of  work  taught  to 
the  learner. 

This  description  is,  as  all  must  be,  somewhat  arbitrary, 
but  will  economize  thought  and  result  in  an  order  of  presen- 
tation suitable  to  the  purposes  of  this  volume.  I  shall  not  try 
to  mention  under  each  head  all  the  conditions  that  are  of 
interest;  but  only  such  as  are  of  special  interest  intrinsically 
or  because  of  investigations  that  have  dealt  with  them. 

Of  the  external  conditions,  I  shall  discuss,  as  a  sample 
problem,  the  Distribution  of  Practicc-^the  length  of  the  prac- 
tice periods  and  of  the  intervals  between. 

The  same  total  amount  of  exercise  of  a  function,  say  ten 
hours,  may  of  course  be  distributed  in  an  infinite  number 
of  ways.  The  practice-periods  may  be  ten  of  60  minutes, 
or  twenty  of  30  minutes,  or  forty  of  15  minutes,  or  five  of 
60  minutes  followed  by  ten  of  30  minutes,  or  a  series  running 
100  min.,  80  min.,  60  min.,  50  min.,  40  min.,  35  min.,  30  min., 
25  min.,  25  min.,  25  min.,  followed  by  thirteen,  each  of  10 
min.,  etc.  Each  such  division  of  the  practice  time  may  be 
made  with  any  one  of  countless  arrangements  of  the  intervals 
between.  For  any  given  function,  in  a  given  individual,  at 
a  given  stage  of  his  general  training  and  special  advancement 
in  the  function,  and  under  given  cooperating  and  hindering 
conditions  external  to  the  function  itself — the  best  distribution 
could  be  found.  'Best'  would,  it  is  understood,  be  defined 
as  best  for  the  immediate  improvement  of  the  function,  or  as 
best  for  its  permanent  efficiency,  or  as  best  for  the  total  wel- 
fare of  the  learner  in  question,  or  in  some  intelligible  way. 
13 
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It  might  be  that  some  simple  laws  would  hold  good  for 
all  functions  at  all  stages  of  advancement  in  all  individuals 
regardless  of  cooperating  circumstances.  Thus,  it  might  be 
that  period-lengths  of  from  ten  to  twenty  minutes  were  uni- 
versally l^etter,  from  any  point  of  view,  than  longer  or  shorter 
period  lengths;  and  that  intervals  of  24  to  48-  hours  were 
universally  better,  whatever  the  period-length,  function,  person 
and  the  like,  than  longer  or  shorter  intervals.  Or  it  might 
be  that  the  optimum  interval  was  universally  one  of  twenty 
times  the  period  length.  Or  it  might  be  that  the  nearer  a 
function  was  to  its  limit,  the  shorter  the  optimum  period 
length  became  and  the  longer  the  optimum  interval  became. 

The  experimental  results  obtained  justify  in  a  rough  way 
the  avoidance  of  very  long  practice-periods  and  of  very  short 
intervals.*  They  seem  to  show,  on  the  other  hand,  that  much 
longer  practice-periods  than  are  customary  in  the  common 
schools  are  probably  entirely  allowable,  and  that  much  shorter 
intervals  are  allowable  than  those  customary  between  the  first 
learning  and  successive  'reviews'  in  schools.  What  they  show 
may  be  determined  by  the  reader  himself  from  the  facts  that 
follow. 

The  facts  first  found  related  not  to  the  improvement  of 
such  functions  as  typewriting,  telegraphy,  addition,  or  know- 
ledge of  Russian,  but  to  the  function  of  reciting  a  given  series 
of  nonsense  syllables,  the  practice  in  question  being  the  repeated 
reading  of  the  series,  and  the  improvement  being  in  the  power 
to  recite  more  and  more  of  it,  or  to  complete  the  learning  of 
it  in  a  shorter  time. 

*  What  period-length  shall  be  considered  'very  long'  depends  on 
the  amount  of  variety  and  satisfyingness  the  function  shows.  Two 
hours  is  thus  a  very  long  period  for  addition  or  learning  32-syllable 
nonsense  series,   but  perhaps  not   for  playing  golf  or  chess. 

What  interval  between  periods  shall  be  considered  'very  short'  depends 
on  the  length  of  the  periods  themselves,  and  also  on  the  character  of  the 
function.  For  adding  practiced  in  twenty-minute  periods,  an  interval  of 
five  minutes  would  be  very  short,  and  probably  also  one  of  five  hours. 
The  knowledge  which  would  enable  one  to  define  the  statement  made 
in  the  text  is  lacking. 
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Ebbinghaus  ['85,  p.  122]  found  that  the  same  amount  of 
time  spent  in  learning  a  series  of  nonsense  syllables  gave 
greater  efficiency  when  distributed  over  three  days  than  when 
concentrated  on  one.  Jost  ['97]  verified  this  superiority 
and  secured  measures  of  its  amount  in  the  case  of  six  subjects, 
as  follows :  30  readings  of  a  twelve-syllable  series  on  one 
day  produced  an  ability  such  that  on  the  following  day  sul> 
jects  B  and  S  recfuired  respectively  6.5  and  11. 5  readings  to 
enable  them  to  give  the  series.  After  30  readings,  10  a  day, 
on  three  successive  days,  the  requirement  was  only  5.5  readings 
for  B  and  9.7  for  S.  With  subject  M,  24  readings,  all  on  one 
day,  in  six  blocks  of  four  separated  by  the  study  of  other 
series,  produced  an  ability  such  that  5.3  repetitions  were  re- 
quired on  the  following  day  to  enable  him  to  give  the  series. 
Only  4.6  repetitions  were  required  when  the  24  readings 
had  been  given,  four  a  day,  for  six  successive  days.  With 
subjects  B2  and  M,  the  distributions  tested  were  8  readings 
a  day  for  3  days,  4  readings  a  day  for  6  days,  and  2  readings 
a  day  for  12  days.  The  ability  was  tested  in  each  case  by  the 
number  of  times  the  subject,  on  being  shown  a  certain  non- 
sense syllable  on  the  day  following  the  completion  of  the 
practice  with  it,  could  give  the  one  that  had  followed  it. 
In  the  3-8  series  the  percentages  of  such  successes  were  25 
and  10;  in  the  6-4  series  they  were  54  and  43;  in  the  12-2 
series  they  were  74  and  76.  Subject  J  was  tested  to  find  the 
total  number  of  repetitions  of  a  nonsense  series  necessary  to 
enable  the  person  to  give  it — first,  when  four  repetitions  a 
day  were  made;  and  second,  when  two  a  day  were  made. 
The  requirements  w'ere  18.5  and  17.9  respectively.  Jost  adds 
that  only  7  to  9  repetitions  were  required  for  subject  J  when 
all  were  given  on  the  same  day,  which  would  suggest  that, 
for  subject  J  at  least,  a  more  economical  distribution  than  any 
of  the  above  (for  24  repetitions)  would  have  been  to  spend 
say  8  on  one  day,  6  on  the  next,  4  on  the  next.  3  on  the  next, 
2  on  the  next  and  i  on  the  next.  Certain  of  Ebbinghaus's 
results  ['85,  p.  no  ff.]  lead  to  a  similar  conclusion. 
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In  practice  with  substitution  tests,  improvement  in  which 
is  largely  a  matter  of  remembering  the  equivalents,  distribution 
over  fairly  long  intervals  and  in  fairly  short  practice  periods 
seems  to  be  advantageous.  This,  however,  is  hardly  proved, 
and  no  very  definite  statement  can  be  made  about  the  merits 
of  any  given  combination  of  interval  length  and  practice-period 
length.     Samples  of  the  facts  obtained  follow. 


2000  - 


1500  - 


.^  1000  - 


500 


2; 

200                              40O  600 

Amount  of  exercise:   in  minutes. 

Fig.   66.      Improvement   in   Writing   English   Words  in   German  Script.     Four   Groups 

of   Women    Students.      After    Leuba   and  Hyde,   '05,    p.    362.  (The   curves   marked 

i-i,    1-2,    1-3    and   2-1    give    the   improvement    for   the   groups  practicing   20   minutes 

once  a  day,   20   minutes  once  in   two   days,  20   minutes  once  in  three    days,   and  20 
minutes  twice  a  day   respectively.) 

Leuba  and  Hyde  ['05]  found  that  twenty  minutes  a  day 
or  on  every  other  day  gave  somewhat  more  rapid  gain  than 
twenty  minutes  twice  a  day  or  every  three  days,  in  the  case 
of  writing  English  words  in  German  script.  The  facts  are 
shown  in  Fig.  66,  in  which  curves  2-1,  i-i,  1-2,  and  1-3  are 
for  the  improvement  of  those  practicing  twice  a  day,  once  a 
day,  once  in  two  days,  and  once  in  three  days,  respectively. 
In  reading  English  words  written  in  German  script  (and 
writing  them  in  English  script)  there  was  no  demonstrable 
difference.  Those  who  began  this  latter  practice  with  no 
knowledge  of  German  script  progressed  as  shown  in  Fig.  67. 
Those  who  had  already  had  the  practice  in  writing  English 
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words  in  German  script,  progressed  in  the  'reading'   substi- 
tution as  shown  in  Fig.  68. 


2000 


ISOO 


c  1000 


SCO 


200 

Amount  of  exercise:  in  minutes. 


400 


Fig.  (>t.  Improvement  in  Writing  in  English  Script  Words  Presented  in  German 
Script.  Three  Groups  of  Women  Students.  After  Leuba  and  Hyde,  '05,  p.  364. 
(The  curves  marked  i-i,  1-2-3,  and  2-1  give  the  improvement  for  the  gfroups 
practicing  20  minutes  once  a  day,  20  minutes  once  in  two  or  three  days,  and 
30  minutes  twice  a  day  respectively.) 

Munn    ['09]    had   women   students   practice   in   a   substi- 
tution test  until  they  had  rewritten  4000  letters,*  in  sets  of 
twenty  at  a  time. 
Twenty-three  subjects  did  200  letters  a  day,  for  20  successive 

days. 
Four  subjects  did  800  letters  a  day,   for  5  successive  days, 
doing  400  at  one  sitting  in  the  morning  and  400  at  a  second 
sitting  in  the  evening. 
Four  subjects  did  1000  letters  a  day,  for  four  successive  days. 


3400  in  one  case. 
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Four  subjects  did  2000  letters  a  day,  seven  days  apart,  2000 
at  a  sitting. 


zooo  - 


a 

S  1000 


b  400 


2-1 


100  2^00 

Amount  of  practice:   in   minutes. 

Fig.  68.  Improvement  in  Writing,  in  English  Script,  Words  Presented  in  German 
Script,  in  the  Case  of  Students  Already  Practiced  in  Writing  English  Words  in 
German  Script.  After  Leuba^  and  Hyde,  '05,  p.  365.  (The  curves  marked  i-i 
and  2-1   have  meanings  as  in  Figs.  66  and  67.) 


Four  (  ?)  *  subjects  did  4000  letters  a  day,  1000  in  a  sitting. 
Four  subjects   did   3000  letters  a   day,   all  at  one  sitting. 

Using  the  average  times   required   for  the  first  and   for 
the  last  200  letters,  we  find  that : 

The  20  day  group  changed  from  413^!  to   13.4  seconds. 
The     5     ''         ''  '"  -      57><t  to   17. 1 

The     4     "         "  "  "     47t       to   163^        " 

The     2     "         "  "  "      39>^t  to   18.2 

The     I  day   (4  period)  group  changed  from  38^!  to  18^ 

seconds. 
The  I  day  (i  period)  group  changed  from  44!  to  21.  i  and 

then  fell  back  to  31.7  in  the  17th.     The  experiment  with 

them  was  then  stopped. 

*  Miss  Munn  does  not   state  the  number   of  subjects  in  this  case, 
t  Approximate. 
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In  terms  of  the  amount  done  per  minute,  the  facts  are : 

The  20-day    group    changed  from    29    substitutions  to  90,  gaining   61 

The  5    "  '■  '■  '"21  "  "  70         "         49 

The  4   '•  "  "  "       25^  "  ••  73         "         47^ 

The  2    "  "  "  "       30  "  "  66         "         36 

The      I    "    (4  period)    "  "       31  "  "  65  "         34 

For  a  precise  determination  of  the  relative  values  of  these 
different  distributions  of  practice,  allowance  should  be  made 
for  the  different  amounts  of  time  spent  in  practice.  I  have  not, 
however,  made  the  rather  tedious  measurements  necessary  for 
these  allowances,  since  the  only  important  effect  on  the 
comparisons  made  above  would  be  to  cut  down  the  gains  of 
the  5-day  and  4-day  groups. 

It  is  my  opinion  that  the  real  superiority  of  the  twenty-day 
practice  is  somewhat  exaggerated  in  these  returns.  The 
twenty-day  test  was  apparently  the  main  experiment,  and  the 
normal  school  students  who  were  learners  in  it  may  have 
worked  with  more  interest  than  did  the  others.  Also,  there 
being  twenty-three  of  them  and  the  time  being  thus  extended, 
the  interest  from  mutual  discussion,  comparison  of  progress 
and  the  like  would  probably  have  been  greater. 

Dearborn    ['10].   using   the   substitutions   shown   in   Fig. 

©©©©©©(D® 
©®©®®®©©© 
©©®©©©©®® 

Fig.  60.     The  Key  for  the  Substitution  Tests  of  Dearborn  and  Starch, 

69,  with  English  text  arranged  as  in  Fig.  70,  found  a  little 
advantage  in  'once-a-day'  over  'twice-a-day'  tests,  the  time 
being  ten  minutes  in  each  case.     Fig.  71  shows  the  results. 

Starch  ['12]  found  a  little  advantage  the  other  way  about. 
He  also  found  that  both  the  '20  min.  once  a  day'  and  the 
*io  min.  twice  a  day'  distributions  were  markedly  superior  to 
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ipeech— Hi  is  one  of  the  most 

" 

T^ 

T" 

"■ 

■~~ 

■~" 

ImporUnt  tbiaes  thit  he  caa 

do  io  life  (and  one  of  the  most 

trying)— when  many  penoof- 

are  Ihtenlng  to  his  words  and 

he  a  weak  swimmer  lar  out  to  sea; 

he  ba3  prepared  what  he  is 

eoice  to  Ga7.  tricked  oat  bis 

ontioQ  with  metaphors  aod 

fieores  of  speech:  he  has 

seen  himself  speakJof,  not 

exacilr*  In  the  lookioe  ela&i. 

b«  in  the  glus  of  bis  own  mind. 

and  le!  the  resoli  is  a  miser 

tbie  fiilore.     He  has  mhtikeo 

bU  own  powen.  be  hu  itmck  a 

1 

wrong  note,  pitched  his 

fpeechia  aUlseke7.    What  can 

bo  more  homUlatlDer    Yet. 

peitiaps.  It  is  also  the  rery 

best  lesson  which  be  hu  ever 

had  ia  life.     Let  him  try  afaln— 

(there  WIS  one  who  said  that  bo 

. 

h«d  tHed  at  msny  tbines  aod 

tad  always  socceeded  at  lasL) 

Let  bim  try  a£aiQ.'  and  not 

allow  himself  by  fl  little 

looocent  menimeat  to  be 

deprived  of  one  of  the 

greatest  and  most  osefal 

accotnplisbments  which  any 

Qun  can  possess;  the  power  of 

.addressins  an  audience. 

There  Is  another  kind  of  bad 

taste  which  is  displayed  not 

in  manners  norio  speech,  bni 

In  wtltias. 

As  persona  have  a  difficulty 

In  k  DO  wia£  their  own 

[    chitacterc,  so  has  a  wrilet  io 

1 

Fig.  70.     The  Arrangement  of  Text  Used  in  the  Substitution  Tests  of  Dearborn  and 

Starch. 
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40  min.  every  other  day,  or  120  min.  all  on  one  day.  The 
results  are  shown  in  Fig.  72.  It  is  regrettable  that  Dr.  Starch 
did  not  add  a  ten-  or  twenty-minute  test  for  all  groups,  say  a 


Amount  of   exercise:   in  minutes. 

Fig.  71.  Improvement  in  Writing  Numbers  for  Letters  in  English  Text:  Two  Groups 
of  College  Students.  After  Dearborn,  'lo,  p.  383.  (The  curves  marked  i-i  and 
2-1  are  for  the  groups  practicing  ten  minutes  once  a  day  and  ten  minutes  twice 
a  day  respectively.) 

day  after  the  close  of  the  practice,  so  as  to  compare  the 
groups  after  adequate  rest.  The  disparity  between  the  short- 
period  workers  and  the  single-period  workers  would  probably 
then  be  lessened. 

Pyle  ['13].  with  a  substitution  test,  found  that:     "On  the 
whole,  30  minutes  seems  to  be  the  best  length  of  practice 
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period.  In  some  cases,  shorter  periods  seem  a  trifle  more 
advantageous,  especially  in  the  early  stages  of  practice  or 
habituation.  But.  generally  speaking,  one  gets  ample  returns 
in  habituation  for  practicing  up  to  the  point  of  fatigue,  which 
in  our  experiments  proves  to  be  30  or  40  minutes  for  most 
subjects.  Eighty  minutes,  the  longest  period  used,  proved 
decidedly  disadvantageous,  especially  in  the  early  stages  of 
habituation.     Generally  speaking,  daily  practice  seems  to  give 
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Amount  of  exercise:   in   minutes. 
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120 


Fig.  72.  Improvement  in  Writing  Numbers  for  Letters  in  English  Text:  Four  Groups 
of  College  Students.  After  Starch.  '12,  p.  212.  (The  curves  marked  10-2-1,  20-1-1, 
40-1-2,  and  120  are  for  the  groups  practicing  10  minutes  twice  a  day,  zo  rainutee 
once  a  day,  40  minutes  every  other  day,  and  120  minutes  all  in  one  period, 
respectively.)      The  abscissa  does  not  start  at  zero,  but  at  5   minutes. 

better  returns  than  the  same  number  of  periods  distribute<l 
on  alternate  days  or  in  twice-a-day  periods.  However,  there 
is  some  evidence  that  in  the  early  stages  of  habituation, 
the  second  practice  on  the  same  day  gives  good  returns  and 
that,  later  on.  alternate  days  may  be  the  best  distribution." 
In  the  case  of  addition  and  division  the  matter  of  length 
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of  practice-period  has  been  studied  l)y  Kirby  [13]  for  periods 
up  to  20  minutes  with  some  thirteen  hundred  children  of 
the  third  and  fourth  grades. 

The  arrangement  of  Kirby's  experiments  in  addition  was 
as  follows : 


Group  22  1/ 1 

Group 

IS 

Group  6 

Group  2 

hool  Day 

I 

IS       min. 

15 

min. 

15 

min. 

15 

min. 

"          " 

2 

22y2      " 

15 

" 

6 

" 

2 

" 

"          •' 

3 

221^      " 

15 

" 

6 

" 

2 

" 

"          " 

4 

15 

15 

" 

6 

" 

2 

" 

"          '' 

5 

15 

•' 

6 

2 

" 

6 

6 

" 

2 

" 

"          •' 

7 

6 

" 

2 

" 

"          " 

8 

6 

2 

" 

"          " 

9 

3 

2 

" 

"          •' 

10 

15 

"          " 

II 

.... 

•• 

and 

so  on 

for  22  days* 


15  nun. 


The  arrangement  of  Kirby's  experiments  in  division  was 


as  follows 

School  Day     i 


Group  20 
ID  min. 
20      " 
20      " 
10      " 


Group  10 
10  min. 

10      " 

ID  " 
10 

10  " 

ID  " 


Group  2 
10  inin. 

2      " 

2      " 

2      " 

2      " 

2      " 

2      " 

2      " 

and  so  on 

for  20  days 


10  mm. 


These  experiments  were  made  from  the  practical  point  of 
view,  from  which  it  is  immaterial  how  much  the  children  study 
the  matter  that  is  being  practiced  outside  of  the  school  hours. 
If  we  assume  that  they  did   so  as  much   when  the  practice 

"=  The    List    of    these    practice    days    had    a    period    of    tliree    niinults. 
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periods  were  distributed  in  many  short  periods  as  when  they 
were  distributed  in  few  long  periods,  the  results  show  that 
the  shorter  practice-periods,  especially  the  two-minute  periods, 
are  much  more  advantag-eous.  It  must,  however,  be  re- 
membered that  this  assumption  is  almost  surely  somewhat 
in  error,  except  for  the  one  case  of  no  practice  at  all 
out  of  school.  If  the  children  practiced  themselves  at  all 
out  of  school,  they  would  probably  do  so  to  a  greater  extent 
in  four  weeks  than  in  one.*  The  gross  superiority  of  the 
shorter  over  the  longer  periods  may  therefore  be  discounted 
somewhat,   and  be  held  subject  to  further  investigation. 

The  results  of  these  experiments  were  as  follows : 

In  addition,  the  gains  from  practice  in  22)4-,  15-,  6-,  and 
2-minute  periods,  respectively,  were  in  the  relation  100,  121, 
lOi  and  146^.  In  division,  the  gains  from  practice  in  20-, 
10-,  and  2-minute  periods,  respectively,  were  in  the  relation 
100,  iio>4  and  177. 

In  the  case  of  the  very  arduous  mental  multiplication, 
we  can  make  a  rough  comparison  of  very  long  with  very 
short  periods,  as  follows : 

Dr.  Whitley  ['11]  had  nine  adult  students  multiply  men- 
tally with  three-place  numbers,  doing  three  such  examples 
daily,  for  twenty  days.  The  improvement  is  shown  in  Table 
24a.  The  author  ['11  a.]  had  sixteen  adult  students  multiply 
mentally  with  examples  of  about  the  same  sort,  working 
continuously  or  nearly  so  for  from  2  to  12  hours  on  one  day 
and  then  for  a  time  on  the  following  day.  Of  these  sixteen 
three  records  are  not  usable  because  the  initial  scores  were 
not  kept.  If  we  take,  of  the  others,  those  who  did  Co  ex- 
amples or  fewer,  and  then  take  the  records  in  the  first  sixty 
examples  done  for  those  who  did  more  than  sixty,  we  have 
the  facts  of  Table  24  h.  In  this  table  (24  &)  only  ten  in- 
dividuals are  recorded.  The  others  were  omitted  because, 
being  very  slow  at  this  work,  they  reached  the  60th  example 

*  The  improvement  due  to  regular  school  work  would  also  be  greater 
for  the  groups  who  practiced  for  short  periods  and  so  over  more  days. 
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after  a  very  much  longer  time  than  any  of  Dr.  Whitley's 
subjects — after  they  had  been  working  practically  incessantly 
for  7  hours  or  more. 

Table  24, 

comparison  of  rates  of  improvement  in  practice  with  short  and  with 

long  periods 


Early  Test 

-3 

3 
12 
'> 
•3 
a 

•0  .. 
erg 

V  <u  0 

L,  rt  <fl 
>  C  X 

A 

400 

0.0 

B 

68s 

0.0 

C 

300 

37 

D 

411 

1-3 

E 

300 

1.7 

F 

293 

2.3 

G 

220 

4-3 

H 

280 

I.O 

I 

I5S 

1-3 

Average 

338 

1-7 

2 

188 

■  I. 

3 

270 

0. 

4* 

310 

2. 

5 

198 

3- 

10 

275 

1.8 

II 

178 

1-3 

12* 

30s 

I. 

13 

1165 

I. 

14 

225 

0. 

15* 

Sio 

0.5 

Average 

352 

I. a 

Late  Test 


o  V.  *j  g  ra  S 


E  t.  o  I-  «  n  B  a^  i^-s  w 

Ha«  >.=  V  HaEva^ 

200  1.0  3.5 

125  -3  4-5 

170  3.0  2.7 

150  2.0  3.1 

88  .3  2.3 

103  2.3  2.8 

180  3.0  2.9 

103  .3  2.3 

97  0.0  1.5 

13s  136  2.84 

75  -5  2.2 

195  -3  2.3 

228  .5  4.3 

17s  2.3  2.6 

95  I.  1-9 

155  -5  2.5 

S   a     12*                   305                I.                  253  .3  6.5 

138  .8  3.9 

173  -8  2.9 

116  .8  3.8 

160  0.8  3.1 

On  the  average,   the  3-examples-a-day  learners  began  at 

338  seconds  and   1.7  errors  per  example,  and  in  the  course 

♦Individuals  4,  12  and  15  did  44,  64  and  52  examples  in  all,  their  times 
being  from  ex.  2-3  to  42-43,  from  ex.  2-3  to  62-63,  and  from  ex.  2-3  to  50-51, 
respectively.  These  three  individuals  did  the  last  four  examples  24  hours 
after  the  preceding  ones. 
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of  2.8  hours  (or  57  examples)  reduced  the  time  to  135  seconds, 
the  errors  to  1.4.  On  the  average  the  *6c>-examples-a-day' 
learners  began  at  352  seconds  and  1.2  errors  and  in  the 
course  of  3.1  hours  (or  55  examples)  reduced  the  time  to 
160  seconds  and  the  errors  to  0.8.  If  we  omit  the  two 
extreme  cases — 685  to  125  and  1165  to  138 — the  averages 
are:  a  change  from  295  to  136  and  from  262  to  162.  Now, 
when  we  consider  that  seven  out  of  the  ten  were  tested  im- 
mediately at  the  end  of  the  two  to  four  hours  of  absolutely 
incessant  work,  and  that  there  is  abundant  evidence  [see 
Thorndike,  '11  a.]  that,  if  the  test  had  been  delayed  for  twenty- 
four  hours,  they  would  have  done  better  work,  it  appears 
that  the  distribution  of  the  time  over  twenty  days  instead  of 
one  was  not  of  very  great  advantage  to  these  learners  in  this 
function.* 

There  is  some  evidence  that  practice  at  typewriting  is 
less  economical  in  hour  periods  than  in  periods  of  a  half 
hour  or  less;  and  fairly  good  evidence  that  two  to  eight 
hours  of  practice  in  addition  is  less  economical  in  hour 
periods  than  in  periods  of  a  half  hour  or  less. 

On  the  whole,  however,  so  very  few  of  the  infinite  num- 
ber of  ways  in  which  any  given  total  time  can  be  distributed 
have  been  tested  for  even  substitution  tests  and  addition  that 
psychology  has  little  yet  to  offer  in  advance  of  the  experience 
of  sagacious  workers. 

PHYSIOLOGICAL    CONDITIONS    OF    IMPROVEMENT 

There  have  been,  to  my  knowledge,  no  experiments  in 
practice  of  the  sort  described  in  Chapters  VI  and  VII,  made 
under  different  defined  physiological  conditions,  for  the 
purpose  of  measuring  the  effect  of  the  condition  in  question 
on  the  rate  of  improvement.  There  have  been,  however, 
measures  of  the  effects  of  lack  of  food,  obstruction  of  the 

*  Miss    Whitley's    examples    contained    no  o's,    I's    or   9's.      Mine   con- 
tained no  o's  or  I's  or  2's.     Mine  were  thus  somewhat  harder. 
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nose,  dosing  with  alcohol,  and  dosing-  with  other  drugs, 
upon  the  temporary  efficiency  of  various  functions.  From 
these  the  effect  of  the  changed  condition  upon  the  rate  of 
improvement  can  be,  to  some  extent,  inferred.  Observations 
have  also  been  made  by  Swift,  Book  and  others  upon  the 
effect  of  such  days  of  general  'low  bodily  spirits'  or  'poor 
physiological  condition'  as  happened  to  occur  in  the  course 
of  practice.* 

The  most  instructive  illustrations  of  the  first  sort  of 
evidence  are  offered  by  the  work  of  Haenel,  Romer,  Wey- 
gandt  and  Kafemann,  on  the  effects  of  dosing  with  trional, 
hunger,  and  nasal  obstruction. 

With  Haenel  ['97]  trional  decreased  the  efficiency  of 
adding,  memorizing  numbers,  'taking  in'  numbers  exposed 
for  a  brief  interval,  and  'reaction-time  with  choice,'  and  his 
data  show  also  that  the  improvement  per  unit  of  time 
during  the  hour  after  the  trional  was  taken  was  far  less  than 
ordinarily. 

The  results  of  Romer,  reported  by  Weygandt  ['99], 
show  an  improvement  in  addition  due  to  six  hours'  work 
on  three  days  when  the  work  was  done  zvithout  food  since 
the  evening  before,  almost  as  great  as  the  gain  due  -to  six 
hours'  work  on  three  days  when  the  work  was  done  after 
a  normal  breakfast.  Four  'hungry'  d".ys  and  four  'eating' 
days  alternated.  Much  less  was  achieved  on  the  'hungry' 
days  (little  over  three  quarters  as  much)  ;  but  the  gain  from 
the  last  ten  minutes  of  an  'eating'  day  to  the  first  ten  of 
the  next  'eating'  day — that  is,  from  the  practice  of  a  'hungry' 
day — was  seven-eighths  as  great  as  the  gain  from  the  last 
ten  minutes  of  a  'hungry'  day  to  the  first  ten  minutes  of 
the  next  'hungry'  day.  Only  one  subject  was  measured,  how- 
ever. 

*  If  it  could  be  assumed  that  whatever  makes  one's  efficiency  in  a 
function  fall  will  also  mike  the  rate  of  improvement  from  exercise  of 
the  function  fall,  in  so  far  the  conclusions  about  the  effects  of  drugs  and 
the  like  upon  an  ability  could  be  used  also  of  its  improvability.  This 
'oes  not,  however,  seem  to  be  the  case. 
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Weygandt  ['oi]  added  ten  minutes  daily  on  eight  suc- 
cessive days,  the  work  of  the  third,  fourth  and  fifth  days 
being"  done  after  24,  48  and  72  hours,  respectively,  without 
food.  The  daily  achievements  were  493,  537,  486,  468,  424, 
581,  572,  and  558  additions.  Taking  these  results  at  their 
face-value,  hunger  seems  to  lower  his  ability  greatly,  but  to 
be  innocuous  to  his  improvement.  The  gain  from  the  second 
to  the  sixth  day  (44,  or  11  per  day)  is  at  an  even  higher 
rate  than  the  average  gain  from  the  first  to  the  second  and 
from  the  sixth  to  the  eighth  day.  Of  course  this  is  but  a 
single  experiment,  but  it  may  be  noted  that  in  general  Wey- 
gandt reports  that  "The  effect  of  practice  is  not  observably 
influenced  during  the  period  of  abstinence,*"  though  he  finds 
that  the  temporary  efficiency  of  adding  and  memorizing  falls 
off  notably.     ['01,  p.  172] 

Kafemann  ['02]  found  with  his  one  subject  that  obstruction 
of  the  nose  reduced  efficiency  in  adding,  the  amount  done  being 
about  nine-tenths  what  it  would  have  been  in  normal  circum- 
stances. He  does  not  measure  the  effect  on  improvement,  but 
from  his  original  measures  I  calculate  that  he  gained  just  as 
much  per  unit  of  time  from  the  practice  without  nasal  breath- 
ing as  on  the  interspersed  'normal'  days. 

On  days  i,  3,  5,  and  7,  of  eight  successive  days,  his  ex- 
periment consisted  in  adding  normally  for  fifteen  minutes, 
then  for  an  hour,  then  for  fifteen  minutes.  On  days  2,  4, 
6  and  8,  he  added  normally  for  fifteen  minutes,  then  for 
an  hour  with  nose  blocked,  then  normally  for  fifteen  min- 
utes. In  the  whole  twelve  hours  he  improved  from  around 
200,  to  around  500,  additions  per  five  minutes.  Now, 
whether  we  measure  the  change  from  the  first  quarter-hour 
of  one  day  to  the  last  quarter-hour  of  th^t  day  or  to  the 
first  quarter-hour  of  the  next  day,  we  find  the  improvement 
on  normal  days  to  be  no  greater  than  on  the  days  without 
nasal  breathing. 

The  effect  of  practice  while  under  the  influence  of  alcohol 
*  Literally  'condition  of  absence  of  food.' 
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can  be  estimated,  though  with  a  large  error,  from  certam  re- 
searches by  KraepeHn  and  his  pupils.  In  view  of  the 
unreliability  of  the  estimate,  the  polemics  of  the  alcohol 
question,  and  the  intricacy  of  the  facts,  I  will  not  report  them 
here. 

The  studies  of  Weygandt,  Romer  and  Kafemann  at  least 
show  that  it  cannot  be  safely  assumed  that  whatever  lowers 
a  person's  efficiency  in  a  mental  function  for  the  time  being 
will  prevent  him  from  improving,  or  will  necessarily  lower 
his  improvement  below  what  it  would  otherwise  have  been. 
They  may  also  suggest  the  desirability  of  inquiring  whether 
a  temporary  efficiency  that  is  exceptionally  high  by  virtue  of 
competitive  exercise,  money  reward,  or  the  like,  necessarily 
does  much  more  for  permanent  improvement  than  a  moderate 
achievement  under  less  stimulating  conditions.  Finally,  they 
show  that  the  dictum  that  Tt  is  only  successful  practice  that 
counts'  requires  qualification.  In  Kafemann's  experiment 
every  'hungry'  day  showed  a  much  smaller  achievement  than 
the  preceding  'eating'  day — was,  in  one  sense,  a  day  of  un- 
successful practice;  the  hungry  days  did  count,  however. 

What  scattered  information  experimental  results  offer, 
tends  rather  to  weaken  the  common-sense  security  that  we  are 
very  much  less  fit  to  learn  when  we  feel  physically  ill  or 
in  poor  condition. 

Swift  says,  "Physical  condition  is  always  an  important 
factor"  ('04,  p.  305),  but  the  actual  facts  which  he  reports 
do  not  leave  the  impression  that  it  was  very  important.  I 
have  abstracted  the  statements  of  general  condition  which 
Swift  reports  ["04],  and  compared  them  with  the  improve- 
ment of  the  day's  work  in  question  over  that  of  the  previous 
day.     They  are  as  follows : 

26th  day.  "Though  the  score  was  kept  up  today,  it  was 
done  only  with  the  greatest  effort."  27th  day.  "The  work 
went  easily  today.  .  .  .  The  feeling  of  yesterday  was  alto- 
gether absent.  I  felt  that  I  could  do  it."  But  day  26  showed 
14 
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more  advantage  over  days  25  and  24,  than  day  27  did  over 
day  26  or  over  26  and  25. 

36th  day.  "The  associations  came  very  easily."  But  the 
gain  was  much  below  the  average. 

39th  day.  "The  work  did  not  go  so  easily  today."  But 
the  gain  was  very  great. 

Book,  while  maintaining  in  general  that  bodily  health  and 
good  spirits  are  important  conditions  of  improvement,  has 
to  confess  that,  "There  were  often  re])orted,  on  the  bad  days, 
[days  of  little  improvement  or  actual  backsliding  in  the  score] 
notable  changes  in  the  learner's  physical  and  hygienic  con- 
ditions. .  .  .  But  the  subjects  were  found  uncertain  judges 
of  their  exact  efficiency.  .  .  .  Feeling  that  he  could  make 
a  good  score  ...  by  no  means  means  that  the  learner  would 
do  so.  In  fact  there  were  a  few  marked  cases  where  loss  of 
sleep,  headache,  etc.,  seemed  actually  to  stimulate  the  learners." 
['08,  p.  133] 

Ruger  reports  that  useful  "variations  in  metliod  in  deal- 
ing with  puzzle  problems  were  .  .  .  found  to  be  dependent 
on  high  level  attention  and  the  latter  to  be  decidedly  affected 
by  the  physical  tone"   ['to.  p.   15],  but  does  not  give  details. 

The  only  notable  differences  in  physical  condition  reported 
by  Rejall  and  Hill  were  an  illness  of  several  days  and  a  bad 
cold  on  one  day,  both  in  the  case  of  Hill.  The  latter  seemed 
to  slacken  improvement  somewhat ;  the  former  was  almost 
surely  associated  with  such  slackening.  The  ordinary  ups 
and  downs  from  day  to  day  were  so  great  that  the  trend  of 
the  curve  over  a  fairly  long  interval  has  to  be  examined  for 
evidence  of  these  facts.  In  the  case  of  the  latter  I  quote  the 
scores  for  five  weeks,  including  the  week  of  illness;  I  also 
show,  in  Figs.  73  and  74,  curves  which  represent  them. 

Each  of  the  scores  is  for  (A)  the  time  required  (in 
minutes)  to  typewrite  the  same  paragraph  of  one  hundred 
words  and  for  the  number  of  mistakes  made  and  (B)  for  the 
time  required  (in  minutes)  to  typewrite  three  hundred  words 
of  new  material  and   for  the  number  of  mistakes  made. 
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100  Word  Test 

300  VV 

ord  Test 

Time 

Errors 

Tune 

Errors 

November  i8 

Monday 

S.8 

5 

21. 1 

23 

19 

Tuesday 

6.0 

4 

264 

21 

"           20 

Wednesday 

5-4 

9 

21.9 

37 

21 

Thursday 

5.6 

6 

227 

25 

"          22 

Friday 

6.0 

4 

20.9 

21 

23 

Saturday 

53 

9 

21.8 

II 

25 

Monday 

5-4 

4 

21.0 

10 

26 

Tuesday 

5.6 

5 

20.2 

12 

27 

Wednesday 

5-3 

3 

17.6 

12 

28 

Thursday 

5-3 

I 

18.5 

16 

29 

Friday 

ill: 

no  practice 

30 

Saturday 

5-3 

3 

20.3 

II 

December      2 

Monday 

6.1 

I 

22.5 

13 

Not  well. 

3 

Tuesday 

5-3 

I 

22.8 

8 

Not  well. 

4 

Wednesday 

5-7 

6 

21.0 

16 

Not  well. 

5 

Thursday 

5-9 

3 

22.3 

3 

Not  well. 

6 

Friday 

5-3 

2 

21.9 

7] 

Feelingbetter 

7 

Saturday 

4-7 

0 

194 

9J 

physically 

9 

Monday 

50 

2 

18.8 

4 

"            10 

Tuesday 

4-5 

2 

19.7 

10 

"            II 

Wednesday 

5-9 

3 

18.7 

10 

"            12 

Thursday 

4-7 

5 

18.2 

8 

13 

Friday 

4-5 

2 

20.0 

II 

14 

Saturday 

4.8 

6 

19.0 

17 

16 

Monday 

4-7 

4 

16.6 

14 

17 

Tuesday 

4-5 

I 

18.5 

II 

18 

Wednesday 

4-5 

7 

17-3 

15 

19 

Thursday 

4-4 

3 

^7-3 

8 

"           20 

Friday 

4-4 

I 

17.8 

4 

"           21 

Saturday 

4-3 

2 

17.0 

12 

There  can  be  little  doubt  of  the  harmful  temporary  effect 
of  the  illness  on  efficiency,  and  it  seems  to  have  reduced  im- 
provement in  the  case  of  typewriting  new  material.  That 
the  practice  during  the  illness  was  any  less  beneficial  than 
ordinary  practice  to  the  function  of  copying  the  same  para- 
graph, seems  dubious. 

The  exact  amount  of  correlation  between   ( i )    feeling  fit 


212 


THE    PSYCHOLOGY    OF    LEARNING 


to  work  or  any  other  symptom  of  the  general  tone  of  the 
organism  and  (2)  actual  improvement,  is  thus  still  problem- 
atic. It  may  be  that  cases  of  close  correspondence  have  been 
left  unmentioned  because  taken  for  granted,  and  that  the 
quotations  above  give  an  unfairly  low  estimate  of  the  cor- 
relation.    It  should  be  measured. 

Book  ['08]  took  elaborate  records  of  the  pulse  rate  of  the 
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Fic.  73.  Efficiency  in  Typewriting  the  Same  Paragraph  of  loo  Words,  before,  during 
and  after  Illness.  Subject,  Hill.  (Each  unit  along  the  abscissa  equals  three  days; 
the  two  three-day  periods  of  the  illness  are  so  marked;  the  height  of  the  curre 
equals  the  time  required  to  copy  the  paragraph.) 


individuals  who  were  learning  to  typewrite  during  their 
practice.  The  relation  between  rise  in  pulse  rate  and  amount 
of  progress  made  is  an  intricate  and  variable  one,  and  is 
complicated  by  the  effects  of  varying  degrees  of  excitement 
and  tension.  Consequently  I  am  unable  to  decide  from  Book's 
results  what  the  intrinsic  relation  between  rise  in  pulse  and 
achievement  is,   or  what  the  intrinsic   relation  between   rise 
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in  pulse  and  rate  of  improvement  is,  or  even  whether  there  is 
any  positive  relation.  Book  thinks  that  the  rise  in  pulse  is  a 
symptom  primarily  of  the  "amount  of  effort  and  attention 
put  into  the  work"  which  would  imply  improvement  "if  the 
energy  expended  was  always  efficiently  directed"  ['08,  p. 
115].  What  this  means  depends  on  what  'effort'  and  'energy' 
mean. 


Fig.  74.  Effideticy  in  Tj^ewriting  Ne%v  Material,  300  Words  Daily,  before,  during, 
and  after  illness.  Subject,  Hill.  (Each  unit  along  the  abscissa  equals  three  days; 
the  two  three-day  periods  of  the  illness  are  so  marked;  the  height  of  the  curve 
equals  the  time  required  to  copy  joo  words.) 
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It  should  be  an  obvious  consequence  of  the  nature  of 
improvement  that  the  fundamental  psychological  conditions 
for  it  are  that  some  chance  be  given  for  desirable  bonds  to  be 
added  or  for  undesirable  bonds  to  be  destroyed.  Amplifi- 
cation or  elimination  must  occur  if  there  is  to  be  any  change. 

The  mere  exercise  of  any  modifiable  function  almost 
always   results   in  some   variations,   but  whatever  stimulates 
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variation  gives  the  chance  of  a  wider  range  of  useful  varia- 
tions for  the  learner  to  adopt  or  reject.  Ruger  notes  that  in 
solving  mechanical  puzzles,  good  learners  would  occasionally 
manipulate  the  puzzle  at  random  with  the  hope  that  some 
chance  position  of  it  would  suggest  variations  in  attack,  or 
would  deliberately  seek  to  change  their  assumptions  about 
the  puzzle  with  the  same  end  in  view. 

Whatever  stimulates  relevant,  promising  bonds  will  be 
still  more  favorable.  Thus,  to  quote  Ruger  again,  the  efficient 
learner  is  characterized  by  special  care  in  examining  his 
assumptions  so  as  to  let  only  those  which  are  themselves 
sound  be  potent  in  producing  new  bonds. 

The  selection  of  desirable  bonds,  once  they  have  appeared 
at  all,  and  the  elimination  of  undesirable  ones,  are  not  at  all 
necessary  consequences  of  the  mere  exercise  of  a  function. 
Many  men  in  many  functions  let  occasional  advantageous 
practices  lapse  and  perpetuate  blunders  with  perverse  zeal. 
When  a  function  is  so  exercised  that  the  coi]sequences  to  the 
individual  are  alike  when  he  fails  and  when  he  succeeds,  when 
he  strengthens  a  good  bond  and  when  he  strengthens  a  bad 
one,  when  he  works  above  his  average  rate  and  when  he 
works  below  it — there  can  be  only  chance  divergences  from 
a  confirmation  of  his  initial  status.  So  a  poetical  hermit, 
utterly  devoid  of  literary  taste,  might  write  no  better  lyrics 
year  after  vear.  So,  in  fact,  men  who  care  nothing  alx)ut  the 
beauty  of  their  speech  and  are  not  subjected  to  social  pres- 
sure, say  millions  of  words  without  improving  in  accent, 
timbre,  syntax  or  style.  So,  in  experiments  in  judging  which 
of  two  weights,  of  lOO  and  loi  grams,  is  heavier,  the  record 
being  kept  secret  and  no  other  source  of  influence  on  the  func- 
tion than  its  own  exercise  being  allowed,  the  subject  cannot 
improve. 

Whatever  does  favor  the  repetition  and  satisfyingness  of 
the  desirable  bonds,  and  the  disuse  and  annoyingness  of  ihr'^ 
undesirable  bonds,  will,  other  things  being  equal,  favor  im- 
provement.     The   most   noteworthy   psychological   conditions 
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of  improvement  come  under  this  head — are  means  of  direct- 
ing the  forces  of  use  and  satisfaction  in  favor  of  desirable 
and  against  undesirable  bonds.  Three  of  these — ease  of 
identification  of  the  bonds  to  be  formed  or  broken,  ease  of 
identification  of  the  states  of  affairs  which  should  satisfy  or 
annoy,  and  ease  of  application  of  satisfaction  or  annoyance 
to  them — are  direct  consequences  of  the  laws  of  learning  and 
may  be  described  first.  The  next  five,  which  we  may  call 
the  'interest  series' — interest  in  the  work,  interest  in  improve- 
ment, an  active,  inquiring  attitude,  attention,  and  acceptance 
of  the  work  as  significant  to  the  worker's  wants — are  potent 
partly  because  they  help  to  produce  variations,  still  more  be- 
cause they  produce  relevant  and  desirable  variations,  but  most 
of  all,  perhaps,  because  they  reinforce  the  good,  and  eliminate 
the  bad  ones. 

What  is  meant  by  'ease  of  identification  of  the  bonds  to  be 
formed  or  broken,'  'ease  of  identification  of  the  states  of  affairs 
which  should  satisfy  (or  annoy),'  and  'ease  of  application  of 
satisfaction  (or  annoyance)  to  them,'  can  be  understood  best 
by  illustrations.  To  improve  in  addition,  subtraction,  multi- 
plication and  division,  is  on  the  average,  easier  for  the  same 
person  than  to  improve  in  solving  'problems.'  One  reason 
is  that  in  the  former  the  bonds  to  be  made  or  strengthened  are 
(except  in  the  case  of  the  selection  of  the  trial  quotient 
figures  in  long  division)  rigidly  defined  and  subjected  to  ex- 
clusive practice  as  needed.  Another  reason  is  that  the  results 
that  should  satisfy  (accurate  answers  and  greater  speed)  can 
also  be  easily  identified  and  accompanied  by  some  satisfier  in 
the  form  of  approval,  shortened  time  of  work,  or  even  some 
extrinsic  reward.  In  the  solution  of  problems,  the  learner 
cannot  so  easily  tell  what  particular  bonds  he  has  to  form, 
drill  himself  in  these  alone,  know  in  detail  what  connections 
should  content  him  and  how  to  make  himself  feel  contented 
at  them. 

To  improve  in  the  formal  matters  of  spelling,  punctuation, 
syntax,  approved  usage,  and  the  like,  is  easier  than  to  improve 
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in  force,  clearness  and  general  literary  attractiveness,  partly 
because  in  the  former  the  connections  to  be  made  and  avoided 
can  be  known  and  exclusively  exercised,  and  the  activities 
that  are  theoretically  desirable  can  be  designated,  recognized 
when  they  occur  and  made  satisfying  at  the  time  to  the 
actor.  In  the  latter,  it  is  hard  to  see  just  what  connection 
in  thought  does  the  good  or  the  harm  in  question,  so  as  to 
make  it  and  be  glad  at  it,  or  be  annoyed  with  it  and  avoid 
it.  So  great  is  the  difference  in  improvability  here  that  the 
greater  part  of  the  teaching  of  English  writing  in  high- 
schools  does  not  even  pretend  to  improve  the  subtler  general 
qualities  of  imagination,  humor,  force,  and  beauty.  In  the 
rare  cases  where  definite  situation-response  connection  making 
for  'style'  can  he  identified,  controlled  and  rewarded  or 
punished,  we  do  get  rapid  improvement  in  so  far  forth.  For 
example,  one  of  the  greatest  aids  in  teaching  the  subtler 
virtues  in  composition  is  a  set  of  clear  rules  such  as  'Do  not 
begin  a  sentence  with  'and'  more  than  once  a  month.'  Stiff 
and  restrictive  as  such  rules  are.  they  can  create  definite  bonds 
in  behavior,  and  definiteness  of  bonds  favors  improvement. 

Typewriting  is  extremely  improvable,  while  handwriting 
is  rather  repugnant  to  improvement.  llie  chief  reason 
seems  to  be,  as  before,  that  in  typewriting  the  connections 
between  letters  and  words  and  the  required  series  of  move-, 
ments  are  more  noticeable,  efficient  ones  are  more  readily 
distinguished  from  inefficient,  and  efficiency  is  more  readily 
stamped  with  approval. 

If  the  reader  will  make  a  list  of  functions  in  the  order 
of  ease  of  improvement  for  individuals  in  general  and  then 
rate  them  in  order  for  ease  in  discovering  what  the  detailed 
situations  and  responses  are  and  how  they  should  be  bound 
together,  and  in  associating  satisfaction  and  discomfort  with 
the  right  and  wrong  bonds,  he  will  find  the  two  orders  much 
alike.  There  are,  of  course,  other  conditions ;  and  definiteness 
and  'rewardability'  of  bonds  often  go  with  other  qualities  to 
which  is  due  part  of  the  ease  of  improvement.     On  the  whole, 
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however,  the  improvable  function  is  the  one  Avhose  nature 
permits  identification  of  the  tends  required  so  that  they  can 
be  exercised  economically,  and  their  exercise  rewarded  by 
satisfaction. 

Moreover,  the  general  function  remaining  the  same,  it 
becomes  more  easily  improvable  in  proportion  as  its  con- 
stituent bonds  are  better  defined,  and  in  proportion  as  satis- 
faction and  discomfort  are  more  readily  associated  with  their 
separate  actions.  For  example,  it  is  found  that  children  who 
have  difficulty  with  learning  short  division  are  helped  by 
being  given  exercise  in  writing  in  the  missing  numbers  in 
a  full  division  table  of  the  form  shown  below. 

5  = 2s  and remainder  7  = 2s  and remainder 

5  = 3s  and "  and  so  on  up  to 

5=_4    and__ 

6= 2s  79^^ 8s  and remainder 

6= 3s  79  — 9s  and " 

6= 4    and remainder  80  = 9s  and " 

6= 5    and "  81= 9s 

The  help  seems  to  consist,  in  large  measure,  in"  defining 
better  a  part  of  what  they  need  to  learn,  and  enabling  them  to 
know  better  whether  they  are  right  or  wrong  in  some  of  the 
elementary  bonds  constituting  the  process  of  short  division. 
Each  of  the  individual  bonds  can  be  exercised  till  it  is  stronsr 
enough.     Errors  can  be  easily  detected  and  eliminated. 

The  conditions  which  I  h^ve  called  the  'interest-series' 
have  not  been  subjected  to  direct  quantitative  experiment. 
Consequently  few  new  facts  can  be  reported  here  about  them. 
They  have  been  recognized,  though  not  measured,  by  the 
psychologists  who  have  directly  observed  the  process  of  learn- 
ing, as,  for  example,  in  the  following  quo:  Lions. 

"Another  general  habit  formed  in  the  course  of  the  prac- 
tice was  the  development  of  a  ger.erally  favorable  attitude  or 
helpful  feeling  tone,  which,  in  the  expert  stage  of  writing, 
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approached  the  condition  of  steady  interest.  The  following 
changes  in  the  learners'  attitude  were  observed  as  practice 
progressed.  In  the  beginning  all  the  learners  were  greatly 
interested  in  the  work.  They  enjoyed  the  practice  thoroughly 
and  were  always  anxious  to  take  up  the  work  anew  each  day. 
The  accompanying  pleasant  feeling  tone  seemed  to  have  a 
reciprocally  helpful  effect  on  the  writing,  and  the  learner's 
attention  seemed  of  itself  to  remain  concentrated  on  the  work. 

"Continued  practice,  however,  brought  a  change.  In 
place  of  the  spontaneous  interest  of  the  beginning,  attention, 
as  we  have  already  seen  (p.  43)  tended  strongly  at  certain 
stages  of  advancement  to  wander.  A  general  feeling  of 
monotony  which  at  times  approached  the  feeling  of  utter 
disgust,  completely  changed  the  learner's  attitude.  The 
writing  l)ecame  a  disagreeble  task  while  the  unpleasant  feel- 
ings hindered  the  writing  and  learning,  perhaps  directly  and 
certainly  by  drawing  attention  from  the  work  to  themselves. 
Such  expressions  as  the  following  were  prominent  in  the 
notes  at  this  stage:  "I  have  not  noticed  for  a  long  time  any 
favorable  attitude  resulting  when  I  can  write  easily  and  fast. 
I  formerly  felt  good  as  a  result  of  knowing  this.  But  the 
'fun'  of  writing  is  wearing  off  and  has  reached  the  indif- 
ference point  long  ago.  The  writing  today  approached  the 
natureof  a  'bore.'  "  A  few  days  later  the  same  subject  wrote: 
"The  practice  is  now  a  decided  'bore,'  the  writing  a  provok- 
ing task." 

"As  still  greater  skill  was  acquired  this  unfavorable  attitude 
disappeared.  All  the  learners  again  took  an  interest  in  the 
work ;  their  general  feeling  tone  once  more  became  favorable 
and  the  \vriting  movements  distinctly  pleasurable.  Their 
acquired  habitual  attention  approached  or  even  exceeded  in 
perfection  the  eager  spontaneous  attention  with  which  they 
began.  In  his  notes  for  the  last  stages  of  his  "practice 
sentence''  writing,  X  said:  "I  would  now  rather  write  than 
to  eat.  I  keenly  enjoy  the  'feel'  of  the  movements  because 
I  can  make  them  correctly  and  fast."  This  was  also  the 
attitude  of  Miss  Carrington.  the  expert.  She  took  an  artistic 
pride  in  the  fact  that  she  struck  her  letters  with  so  near  the 
same  intensity  that  they  were  as  perfect  as  the  best  of  print. 
She  could  copy  anything  or  write  a  practice  sentence  until 
fatigued  and  thoroughly  enjoy  it.  To  her  the  writing 
seemed  like  play  and  was  as  much  enjoyed,  though  she  worked 
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harder  and  paid  closer  attention  to  the  work  than  did  any  of 
the  blundering  learners  who  disliked  it.  Developing  this  per- 
manent interest  in  the  work  was  one  of  the  accompaniments 
of  the  learning.   .   .  /' 

''The  development  of  this  habit  of  rapt  attention  or  in- 
terest, and  tlie  acquisition  of  a  generally  favorable  feeling-tone 
is  as  important  for  learning  as  the  development  of  any  of  the 
'habits  of  manipulation'  descriljed  above."  [Book,  '08,  p. 
71  f.  and  p.  74] 

"In  the  experiments  on  ball-tossing  and  on  shorthand 
writing,  and  typewriting,  monotony  was  found  to  be  an  im- 
portant factor  in  the  rapidity  with  which  skill  was  acquired, 
and  the  same  condition  was  observed  in  this  work.  Periods 
of  monotony  alternated  with  periods  of  pleasure  in  the  work, 
and,  at  times,  of  keen  enthusiasm.  While,  as  has  been  said, 
it  is  not  probable  that  the  depression  associated  with  the 
monotony  caused  the  plateaus,  it  seems  quite  reasonable  that 
it  prolonged  them.  Generally,  though  not  always,  this  feel- 
ing of  discouragement  corresponded  with  the  plateaus  of  the 
curve,  and  it  is  an  interesting  fact  that  returning  pleasure  and 
confidence  sometimes  prophesied  a  new  advance."  [Swift, 
'06,  p.  309] 

No  one  probably  doubts  that  interest  in  the  exercise  of 
a  function — liking  to  add,  or  typewrite,  or  learn  nonsense 
series,  or  whatever  the  work  may  be — favors  improvement  at 
it.  Such  statements  as  those  quoted  above  appeal  to  our  com- 
mon sense  as  probably  true,  though  they  have  not  been  fully 
verified  by  actually  comparing  learning  with  and  learning 
without  intrinsic  interest  in  the  matter  learned.* 

No  one  who  has  thought  the  matter  out  probably  doubts 
that  interest  in  the  improvement  itself — satisfaction  at  gain, 

*  Wrij2:ht  ['06]  has  given  evidence  to  show  that  the  amount  of  physical 
work  achieved  is  very  easily  modified  by  slight  intrinsic  incentives,  even 
when  the  workers  are  adults  all  presumably  trying  to  do  their  best. 
If  such  a  one  is  told  to  work  with  the  dynamometer  as  hard  as  he  can 
and  as  long  as  he  can  for  no  special  end,  he  does  not  do  as  well,  other 
things  being  equal,  as  when  some  specific  task  is  set.  And  when  one 
is  told  to  attempt  repeatedly  to  attain  a  standard  that  he  early  finds 
he  cannot  possibly  attain,  his  annoyance  and  the  apparent  worthlessness 
of  his  work  reduce  his  achievement  notably. 
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and   annoyance  at   backsliding — favors   improvement.      Such 
statements  as  the  following  would  not  be  disputed : 

"It  seemed  to  be  the  strong  desire  to  write  with  the  utmost 
speed,  strengthened  in  some  cases  by  the  thought  of  the  value 
or  worth  of  the  experiment,  that  pushed  the  learners  into 
these  new  and  more  economical  wavs  or  writing."  [Book, 
'08,  p.  96] 

"If  one  continues  to  commit  errors  through  ignorance  of 
the  fact  that  they  are  errors,  he  may  retard  his  development 
by  falling  into  habits  of  unsound  play;  but  if  they  are  noted 
as  errors,  and  especially  if  they  arouse  a  strong  emotion,  they 
are  eliminated."     [Cleveland,  '07,  p.  303] 

"The  mind  is  (in  effective  learning)  attentive  to  success 
in  the-thing-to-be-done."      [Swift,  '10  a.,  p.   151] 

Direct  evidence  and  measurements  to  verify  such  state- 
ments are  lacking.  Evidence  of  the  potency  of  interest  in  the 
task  and  in  improvement  at  it  can  be  got  indirectly  by  com- 
paring (a)  the  improvement  made  in  a  function  when  the 
experiment  is  designed  to  measure  improvement  and  the 
learner  is  thereby  led  to  be  concerned  with  the  gain  in  his 
score  with  (b)  the  improvement  made  in  the  same  function 
when  the  experiment  is  designed  to  measure  the  effect  of 
drugs,  of  pauses  of  different  lengths,  of  the  curve  of  work, 
and  the  like,  and  the  learner  is  likely  to  be  less  concerned  with 
the  gain  in  his  score.  No  one  has  ever  made  such  a  com- 
parison; and  it  cannot  be  made  conveniently  or  elegantly. 
The  case  of  addition  is  the  most  promising  for  the  com- 
parison, but  the  lengths  of  the  practice-periods  and  the  in- 
tervals between  them  in  Thorndike's  ['10],  or  in  Wells' 
['12],  experiments  on  practice  in  addition  have  not  been  dupli- 
cated in  the  experiments  in  which  addition  has  been  used  for 
other  purposes.  There  are  also  differences  in  the  quality 
of  the  learners  and  in  other  circumstances  of  the  experiments, 
which  make  comparison  awkward  and  insecure.  Finally,  the 
amount  of  difference  in  interest — the  fact  whose  effect  we 
wish  to  measure — can  be  only  very  roughly  inferred. 
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The  matter  is  so  important  that,  in  spite  of  all  these 
difficulties,  the  comparison  may^be  roughly  attempted.  Con- 
sider therefore  the  following  facts : 

Incidentally  to  a  study  of  the  effects  of  pauses  of  different 
lengths,  Hylan  and  Kraepelin  ['02]  worked  at  adding,  in 
five-minute  periods  with  varying  intervals,  as  shown  in  Table 
25.     Their  improvement,  shown  in  the  table,  was  slow. 

Table  25. 
improvement   in    addition   incidental  to   a   study   of  the   effects   of 

DIFFERENT  PAUSE-LENGTHS:  after  Hylaii  and  Kraepelin    ['02]. 

The  Number  of  Additions  in  Each   Successive  Five  Minutes  of  Practice, 

in  Two  Subjects,  Hy.  and  Kr.,  the  Intervals  of  Rest  Following 

Each  5-Minute  Period  Being  as  Shown  in  the  Table. 

1st  5  min.  Rest  of 

2d    "  "  "  " 

3d    "  "  "  " 

4th  "  "  "  " 

5th"  •'  "  " 

6th  "  "  "  " 

7th  "  "  ''  " 

8th  "  "  "  " 

9th  "  "  "  " 

loth  "  "  "  " 

nth"  "  "  " 

I2th  "  "  "  " 

13th  "  "  "  " 

14th  "  "  "  " 

15th"  "  "  " 

i6th  "  "  "  " 

17th  "  "      "       "  " 

i8th  "  "        '      "  " 

19th  "  "  "  " 

20th  "  "  "  " 

21  St  "  "  "  " 

22d    "  "  "  " 

23d     "  "  "  " 

24th  "  "  "  " 

25th  "  "  "  " 

26th  "  "  "  " 

27th  "  "  "  " 

28th  "  "  "  " 

29th  "  "  «  " 

30th"  " 


Hy. 

Kr. 

0 

156 

354 

30  min. 

164 

322 

20  min. 

211 

398 

I  day 

170 

418 

I  min. 

192 

397 

30  min. 

189 

390 

1 5  min. 

195 

400 

I  day 

214 

425 

5  min. 

197 

413 

30  min. 

201 

407 

10  min. 

208 

425 

I  day 

227 

411 

0  min. 

23s 

415 

30  min. 

213 

405 

20  min. 

250 

431 

I  day 

228 

404 

I  min. 

235 

456 

30  min. 

229 

462 

IS  min. 

248 

450 

I  day 

242 

450 

5  min. 

255 

461 

30  min. 

251 

464 

10  min. 

246 

476 

I  day 

241 

453 

0  min. 

265 

451 

30  min. 

256 

445 

20  min. 

272 

463 

I  day 

266 

471 

I  min. 

257 

421 

253 

410 

222 
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Heiiman  ["04]  reports  the  efficiency  of  five  individuals 
working  (incidentally  to  a  study  of  the  effect  of  the  length 
of  pauses)  at  adding  in  5-,  10-  or  15-minute  periods,  and 
with  pauses  as  shown  in  Table  26.  The  changes  from  the 
first  to  the  tenth  five  minutes  of  work  were :  from  322,  243, 
318,  T,2)7  '^"d  394  to  362,  313.  322,  400  and  426,  respectively. 
The  course  of  efficiency  up  to  that  point  is  shown  for  each 
one  of  tiie  five  in  Table  26. 

Table  26. 

improvement    in    addition    incidental   to    a    study    of   the   effects    of 

different   pause-lengths 

The    Number    of    Additions    Done    per    Minute    in    Successive    5-Minute 

Periods  by  Five  Individuals,  C,  P,  H,  W  and  T  as  Reported  by 

Heiiman  L'04],  the  Intervals  Being  as  Shown  in  the  Table. 


C 

P 

H 

W 

T 

1st  5  min. 

I   day  rest 

64.4 

48.5 

63-5 

I  day  rest 

(>7.?, 

78.9 

2d    "     •■ 

I   min.     ■■ 

62.3 

56.2 

63.8 

15  min.    " 

70.0 

7^.7 

3rd-'     •• 

I  day      '■ 

60.7 

58.9 

63.5 

I   day     '■ 

69.4 

80.7 

4th  "     ■' 

0  min.    '■ 

67.5 

56.2 

64.7 

0  min.   " 

734 

80.4 

5th  "     •• 

I  min.    '■ 

65.5 

53-3 

63.2 

15  min.   " 

71-4 

77- 1 

6th  "     " 

I   day 

69-5 

58.2 

65-5 

I   day     "' 

71.4 

82.3 

7th"     ■• 

0  min.    '■ 

68.5 

59.8 

64.4 

0  min.   '■ 

76.4 

81.3 

8th  •'     • 

0  min.     " 

67.4 

57-2 

63.8 

0  min.   " 

74-5 

80.7 

9th  '•     ■ 

I  min. 

68.9 

61.8 

63.5 

15  min.   " 

75.8 

81.4 

loth   '     ■• 

72.4 

62.6 

654 

80.0 

85.2 

These  two  researches  were  studies  of  the  effect  of  pauses 
of  various  lengths.  Weygandt  ['01],  who  was  studying  the 
effect  of  abstinence  froin  food  for  a  day,  had  two  subjects  work 
at  adding  with  the  following  time  arrangements:  One,  W., 
worked  ten  minutes  a  day  for  eight  days,  of  which  the  third, 
fourth  and  fifth  were  days  without  food ;  the  first  five  minutes 
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of  each  day  was  adding  of  the  same  sort  as  in  Wells'  ex- 
periment, but  during  the  second  five  minutes  of  each  day  the 
individual  added  under  certain  distractions.  The  other.  A, 
worked  ten  minutes  a  day  for  four  days,  going  without  food 
the  second  day,  and  being  distracted  in  the  second  five  minutes 
of  each  day  as  was  the  other. 

The  scores  (num1:>er  of  additions  done  in  5  minutes)  were 
as  follows : 

W 


Day  I 

Day; 

:      Day  3 

Day  4 

Days      Day  6 

Day  7 

Day  8 

1st 

5 

min. 

255 

265 

283 

266 

226       341 

312 

308 

2nd 

min. 

238 

272 

203 

A 

202 

198       240 

260 

250 

Day  I 

Day  2 

Day  3 

Day  4 

1st 

5 

min. 

139 

168 

226 

239 

2nd 

5 

min. 

124 

167 

176 

203 

The  absence  of  food  does  not  seem  to  have  made  the  practice 
of  those  days  much  less  effective  on  the  further  course  of 
improvement  than  the  practice  of  the  other  days,  the  gain  in 
ordinary  addition  from  Day  2  to  Day  5  for  W.  being  over 
four  times  as  great  as  from  Day  i  to  Day  2  or  from  Day  6 
to  Day  7  or  from  Day  7  to  Day  8 ;  and  the  gain  in  ordinary 
addition  for  A  from  Day  i  to  Day  3  being  nearly  seven  times 
as  great  as  the  gain  from  Day  3  to  Day  4.  If  we  consider 
the  addition  with  distraction  as  well,  it  still  appears  that  the 
permanent  effect  of  the  practice  without  food  was  as  great 
as  that  with. 

At  any  rate,  it  seems  just  to  regard  Ws  75  minutes  of 
practice  (to  the  end  of  the  ordinary  adding  of  Day  8)  as 
equal  to  50  minutes,  of  practice,  all  with  food  and  without 
distraction;  and  to  regard  A's  35  minutes  of  ]iractice  (to 
the  end  of  the  ordinary  adding)  as-  equal  to  30  minutes  of 
practice  with  food  and  without  distraction. 

Now  the  imiirovement  in  these  cases  where  the  practice 
was  incidental  in  the  study  of  pause-length  or  hunger  mav 
be  compared  with  the  impro\-ement  found  by  Wells  for  the  same 


224  THE    PSYCHOLOGY    OF    LEARNING 

sort  of  adding,  and  with  that  found  by  Thorndike  for  columa 
addition  of  lo  one-place  numbers. 

Consider  first  the  comparison  of  the  gain  made  from  the 
first  five-minute  period  to  the  tenth,  using  these  results  (ex- 
cept that  for  A,  of  Weygandt's  experiment,  who  had  not 
that  much  practice)  and  those  of  Wells'  subjects.  The  gross 
gain  was  over  three  times  as  great  in  the  case  of  the  in- 
dividuals in  the  experiments  strictly  on  practice.  The  facts 
in  full  appear  in  Table  27. 

Making  now  the  comparison  of  the  gains  made  by  these 
eight,  from  the  first  to  the  last  tenth  of  the  fifty  minutes, 
with  the  gains  made  by  Thorndike's  subjects  in  from  32  to 
74  minutes  of  practice  (see  page  135  for  his  results  in  detail), 
we  find  that,  for  an  average  time  of  S-V^  minutes,  the  latter 
made  an  average  gain  of  109  additions  done  in  5  minutes, 
or  two  and  a  half  times  that  occurring  in  the  experiments  oa 
hunger  and   pause-length. 

Table  27. 

improvement  in   adnition   practice  incidentally   and  practiced  in 

order  to  improve 


The  Improvement  of 
Eight  Individuals   in 
Experiments  on   the 
Effect  of  Hunger  and 
Pause  Lengths 

The  Improvement  of 
Ten    Individuals     in 
Experiments  on 
Practice  Itself : 
Wells'  Results 

Number  of  Additions 
In  ist         In  10th 
Individual         S  min.         s  min. 

Gain 

Number 
In  ist 
Individual    5  min. 

of  Additions 
In  loth 
S  min. 

Gaia 

Hy.            156 

201 

45 

I 

150 

250 

ICO 

P.               243 

313 

70 

2 

180 

310 

130 

W.  ofW.  255 

308 

53 

3 

200 

370 

170 

He.            318 

322 

4 

4 

220 

360 

140 

C.               322 

362 

40 

5 

225 

280 

65 

W.  ofH.    337 

400 

63 

6 

225 

390 

165 

K.              354 

407 

53 

7 

235 

457 

222 

T.              395 

426 

31 

8 
9 

250 
260 

370 
440 

120 
180 

lO 

290 

450 

160 

Average 

Gain 

45 

145 

If   we   choose   from   Wells'   and   Thorndike's    results   the 
eight  subjects  who  were  most  like  the  eight  of  the  other  group 
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in  initial  ability,  the  differences  in  favor  of  practice  in  order 
to  improve  are  not  decreased.  The  somewhat  lower  initial 
ability  of  Wells'  and  Thorndike's  subjects  is  indeed  a  dis- 
advantage so  far  as  concerns  promise  of  gross  gain  in  this 
function. 

The  facts  for  the  two  subjects  in  Hylan  and  Kraepelin's 
experiment  who  practiced  for  30  five-minute  periods  agree 
perfectly  with  what  has  been  so  far  shown.  One  changed  as 
a  result  from  a  score  of  156  to  a  score  of  253  and  the  other 
from  a  score  of  354  to  one  of  410.  These  gains  (of  97  and 
56)  are  far  below  the  lowest  gain  (130)  made  in  30  five- 
minute  periods  by  any  of  Wells'  subjects. 

On  the  whole,  though  the  interpretation  of  all  these  facts 
is  somewhat  uncertain,*  I  cannot  b,ut  believe  that  they  testify 
to  the  very  great  potency  of  interest,  whereby  the  added  zeal 
and  satisfaction  at  success  which  come  from  adding  for  im- 
provement primarily,  rather  than  simply  to  provide  an  investi- 
gator with  material  on  hunger  or  pause-length,  increase  the 
rate  of  gain  notably. 

The  three  remaining  doctrines  of  the  'interest  series,'  I 
need  only  mention.  The  doctrine  so  brilliantly  and  earnestly 
defended  by  Dewey,  that  school  work  must  be  so  arranged 
as  to  arouse  the  problem-attitude — to  make  the  pupil  feel 
needs  and  work  definitely  to  satisfy  these — would  probably 
be  accepted  by  all,  at  least  to  the  extent  of  agreement  that 
pupils  will  progress  much  faster  if  they  do  approach  work 
with  needs  which  its  accomplishment  satisfies,  and  with 
problems  whose  solutions  its  accomplishment  provides.     The 

*  It  is  unfortunate  that  the  periods  of  practice  were  somewhat  shorter 
and  spread  over  more  days  in  the  experiments  of  Wells  and  Thorndike, 
but  from  Kirby's  work  it  appears  that  practice  periods  up  to  20  minutes 
are  nearly  as  efifective  as  Ihc  same  time  in  shorter  periods  down  to 
6  minutes.  It  seem.s  best,  therefore,  to  be  skeptical  about  referring-  any 
large  share  of  the  differences  between  the  improvement  in  experiments 
on  practice  and  the  impi  ovement  in  experiments  on  hunger  and  pause- 
length  to  the  distribution  of  the  time.  Some  of  it  may  be  due  thereto, 
but,  I  think,  by  no  means  all. 

15 
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general  principle  of  modern  educational  theory  that  school 
tasks  must  be  significant  at  the  time  to  those  doing  them — 
that  a  pupil  must  have  some  aim  in  work  to  give  his  work 
meaning — would  also  probably  be  accepted  by  all,  at  least  to 
the  extent  of  belief  that  pupils  will  improve  faster  in  work 
the  nature  and  purport  of  which  they  comprehend,  than  in  mere 
serial  intellectual  gyrations  accomplished  slavishly  and  me- 
chanically. Most  orthodox  of  all  is  the  doctrine  that  the 
attentive  exercise  of  a  function  will  produce  more  rapid  im- 
provement than  exercise  of  it  with  attention  directed  elsewhere. 

To  these  five  commonly  accepted  aids  to  improvement — 
interest  in  the  work,  interest  in  improvement,  significance, 
problem-attitude  and  attentiveness — ^we  may  add  two  that 
would  perhaps  be  disputed — ^the  absence  of  irrelevant  emotional 
excitement,  and  the  absence  of  worry. 

There  is  a  conflict  of  theories  and  of  practices  with 
respect  to  the  value  of  emotional  fervor  in  learning.  In  the 
case  of  intellectual  functions,  the  balance  of  opinion  is  that, 
apart  from  the  eager  but  quiet  zest  for  the  work  itself  and  for 
success  in  it,  all  emotional  excitement  is  distracting — that 
not  only  violent  love,  grief,  humiliation  and  disgust,  but  also 
even  moderate  fear  of  onlookers,  exultation  at  success,  and 
anger  at  competitors  or  at  oneself,  are  to  some  extent  wastes 
of  energy  and  preventives  of  improvement. 

In  the  case  of  moral  functions,  such  as  learning  to  work 
energetically,  or  to  tell  the  truth,  or  to  be  just  to  pupils  or 
employers,  the  balance  of  opinion  is  rather  toward  the  view 
that  appropriate  emotional  fervor  provides  a  reinforcement. 
A  violent  feeling  of  hate,  with  idleness  as  its  object,  is  sup- 
po?ed  to  make  one  form  the  habit  of  work;  a  soul-stirring, 
passionate  love  of  truth  favors  truth-telling;  conscious  excite- 
ment over  the  equality  of  men  creates  justice.  Certain 
practices  in  religious  and  moral  revivalism  seem  even  to  ad- 
vocate getting  men  emotionally  stirred  in  any  way  whatever, 
on  the  chance  of  then  directing  this  fervor  toward  good  ends. 

In  the  case  of  improvement  in   skill,    the   balance   turns 
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again  toward  freedom  from  all  the  crude  emotional  states  and 
even  from  all  the  finer  excitements,  save  the  intrinsic  satis- 
fyingness  of  success^  and  the  firm  repudiation  of  errors 
which  can  hardly  be  called  exciting. 

My  first  statement  begged  the  question  by  using  the 
phrase  'irrelevayit  excitement '  the  conflict  between  theories 
being  precisely  about  what  emotional  stirrings  are  irrelevant. 
The  conflict  awaits  experimental  decision,  but  the  evidence 
seems,  to  me  at  least,  to  show  ( i )  that  all  emotional  excitement 
is,  per  se,  irrelevant,  (2)  that  its  only  value  is  as  a  cause  of. 
or  symptom  of,  the  satisfyingness  of  the  improvement  in 
question  and  the  annoyingness  of  the  failure,  and  (3)  that  it 
is  inferior  as  a  cause  thereof  to  the  same  general  frame  of 
mind  minus  the  emotional  excitement. 

The  evidence  seems  to  show,  first,  that  we  must  distinguish 
the  general  disposition  or  set  or  attitude  of  a  man — toward 
the  response  of  flight,  attack,  avoidance,  kindliness,  idleness, 
or  the  like — from  the  emotional  excitement  which  often  does, 
but  may  not,  accompany  the  attitude.  Attention  has  been 
called  in  the  previous  volume  to  the  fact  that  the  inner  con- 
scious perturbations  may  be  left  out  without  injuring  the  rest 
of  the  instinctive  response,  and  that  the  intensity  of  the  former 
may  be  a  very  poor  measure  of  the  vigor  of  the  latter.  In 
the  case  of  acquired  habits,  the  fact  is  even  clearer.  The 
real  total  attitude  of  zeal  for,  say,  a  game  of  cards — the  set 
of  mind  v/hich  makes  a  person  study  the  game,  make  sacrifices 
to  play  it,  and  the  like — may  be  far  more  vigorous  in  a  person 
who  feels  no  conscious  thrills  than  in  one  who  plays  with  an 
inner  tempest  of  felt  enthusiasm.  The  general  disposition  to 
avoid  lying  may  be  far  stronger  in  a  man  who  feels  no  excite- 
ment when  a  chance  to  lie  profitably  occurs  than  in  a  man 
who  on  ,such  an  occasion  thrills  with  conscious  disgiist  or 
disdain. 

In  the  second  place,  the  original  attachments  whereby,  sav, 
'to  feel  rage  at'  does  imply  rejecting  and  'to  feel  love  for' 
does  imply  welcoming,  may  be  broken.     The  original  correl- 


228  THE    PSYCHOLOGY    OF    LEARNING 

ations  between  the  inner  excitements  of  love,  disgust  and  the 
like  and  the  attitudes  of  being  satisfied  and  being  annoyed  may 
be  altered,  so  that  either  feature  of  the  original  behavior- 
complex  may  exist  without  the  other.  A  man  may  boil  with 
rage  at  idleness  while  idly  boiling  with  rage  and  being  con- 
tent to  idly  boil.  A  man  may,  per  contra,  be  so  annoyed  by 
idleness  as  never  to  indulge  in  it  and  always  try  to  cure  it 
without,  in  the  traditional  sense  of  the  terms,  feeling  rage  or 
disgust  or  scorn  or  any  other  vehement  inner  passion. 

In  the  third  place,  the  mere  quality  of  conscious  excite- 
ment is  astonishingly  alike  in  all  the  exciting  emotions,  is 
astonishingly  irrespective  of  the  direction  of  activity,  and  so 
is,  to  an  astonishing  extent,  irrelevant  to  learning  (except  on 
the  theory  that  a  general  diffuse  indifferent  stimulation  is 
desirable).  We  may  not  admit  that  excitement  and  depres- 
sion, tension  and  calm,  and  satisfaction  and  discomfort,  are 
all  that  there  can  he  to  an  emotion  on  its  conscious  side,  but 
we  must  admit  that  examination  of  emotional  conditions  dis- 
closes that  what  mostly  differentiates  equally  vehement  rage, 
scorn,  and  elation,  say,  is  the  tendency  to  do  different  things 
and  be  satisfied  by  different  resulting  states  of  affairs.  What 
differences  there  are  in  the  merely  emotional  consciousness 
in  question  turn  out  to  be  minor  facts — surprisingly  so  to 
one  brought  up  in  the  belief  that  rage,  scorn,  and  elation, 
as  inner  states  of  consciousness,  are  as  different  as  red,  green, 
and  blue. 

In  the  fourth  place,  the  most  expert  and  successful  learners 
show  least  emotional  excitement  in  connection  with  the  exer- 
cise of  the  function  which  they  are  improving.  Those  who 
achieve  most  and  advance  most  rapidly,  whether  in  mathe- 
matics, science,  music,  painting,  self-control  or  devotion,  are, 
on  the  average,  characterized  by  less  inner  turbulence  at  their 
work  than  those  of  low  performance  and  slow  progress. 
Moreover  the  same  individual  becomes,  on  the  average,  less 
excited  in  his  work,  the  better  he  learns  to  work.  The 
natural  selection  and  elimination  of  methods  of  mental  work 


FACTORS    AND    CONDITIONS    OF    IMPROVEMENT  229 

which  goes  on  in  successful  workers  seems  to  eliminate  emo- 
tional excitement. 

Finally,  in  the  cases  where  emotional  excitement  shows 
the  greatest  probability  of  being  necessarily  bovmd  to  rapidity 
of  improvement,  the  excitement  is  not  great,  and  seems  to  be 
produced  by  the  interest  and  success  rather  than  to  produce 
them.  Some  excitement  is  of  course  produced  by  any  mental 
activity,  just  as  restraint  from  all  activity  tends  to  produce 
depression.  Also  both  satisfyingness  in  general  and  success 
in  particular  are  exciting.  But  being  stimulated  by  working 
well  is  theoretically  and  practically  a  very,  very  different  fact 
from  working  well  because  of  emotional  stimulation. 

All  the  facts  concerning  the  relation  of  emotional  excite- 
ment to  improvement  therefore  seem  to  be  explained  best 
by  supposing  that  the  interest  in  the  function's  exercise  and 
improvement  is  the  active  force — emotional  excitements  being 
indirectly  of  value  if  they  produce  interest,  and  of  value  as 
symbols  in  so  far  as  they  are  produced  by  it.  They  probably 
do  not  produce  effective  interest  so  often  as  has  been  sup- 
posed, the  dynamic  power  of  each  emotion  over  behavior  being 
able  to  exist  without  the  crude  inner  excitements.  W^hen  with- 
out them,  the  interest  is  less  tiring  and  distracting,  and  so 
more  efficient. 

Much  the  same  sort  of  arguments  could  be  reviewed  in 
the  case  of  worry  or  tension.  Other  things  being  equal, 
tension  or  worry  simply  wastes  energ)-  and  distracts  the  mind, 
offering  so  much  friction  to  overcome.  Zeal,  satisfaction  at 
success  and  annoyance  at  errors,  can  be  present  with  a  relieved 
state  of  mind  as  well  as  with  one  wrought  up  to  tension  by 
emulation,  dread  of  failure  and  the  like;  better,  in  fact,  for 
the  independence  of  interest  from  its  crude  primitive  tensions 
is  even  more  easily  shown  than  its  independence  from  primi- 
tive excitements.  It  is  true  that  some  individuals  seem  to 
need  to  be  made  to  worry  in  order  to  be  led  to  work,  but 
the  only  real  and  economical  cure  for  their  defect  lies  in 
arousing  greater  intrinsic  interest  by  better  motives  rather  than 
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by  more  tension — in  better  mental  nourishment,  as  it  were, 
rather  than  an  increased  close  of  a  drug. 

Active  mental  life  in  the  prosecution  of  intellect,  morality, 
and  skill  can  go  on  with  no  greater  excitement  than  its  own 
progress  provides  and  with  no  greater  tensions  than  tlie 
cheerful  alertness  of  quiet  interest.  Emotional  peace  and 
relaxation  seem  indeed,  as  I  interpret  the  facts  of  behavior, 
to  be.  in  and  of  themselves,  always  favorable  to  improvement. 

EDUCATIONAL     CONDITIONS     OF     IMPROVEMENT 

Under  the  Edncational  Conditions  of  improvement  all 
the  conditions  which  school  authorities  provide  might  be 
treated.  Their  arrangement  of  the  school  program  would 
then  lead  us  back  to  conditions  of  time  of  day.  length  of 
practice  periods  and  intervals  and  the  like  which  have  been 
described  under  External  Conditions.  Their  management  of 
heat,  light,  and  ventilation,  their  isolation  of  children  affected 
by  contagious  diseases,  and  the  like,  would  lead  us  back  to 
the  Physiological  Conditions.  Their  selection  and  arrange- 
ment of  subject-matter  and  their  methods  of  teaching  would 
lead  us  back  to  the  Psychological  Conditions  of  interest,  free- 
dom from  worry,  easy  identification  of  lx)nds  and  the  like, 
which  have  just  been  described.  The  relation  of  the  time- 
schedule  and  school  hygiene  to  improvement  need  not  be 
discussed  here,  but  the  relation  of  selection  and  arrangement 
of  subject-matter  and  of  methods  of  guiding  the  pupils'  re- 
sponses to  their  rate  of  improvement  will  give  a  useful  review 
and  clarification  of  certain  principles  already  stated,  and 
introduce  us  to  a  new  and  important  one. 

Assuming  the  acceptance  of  a  certain  aim  for  a  pupil's 
exercise  of  a  given  function,  the  selection,  arrangement  and 
presentation  of  subject-matter,  and  the  approval,  criticism  and 
amendment  of  the  pupil's  responses,  are  means  of  getting  the 
pupil  ( I )  to  try  to  form  certain  bonds  rather  than  others, 
(2)   to  form  them  in  a  certain  order,   (3)   to  identify  more 
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easily*  the  bonds  he  is  to  try  to  form,  (4)  to  be  more  satisfied 
at  the  right  bond,  and  more  unready  to  repeat  the  wrong  bonds, 
(5)  to  be  more  satisfied  by  the  general  exercise  of  the  function, 
and  (6)  to  be  more  satisfied  by  general  improvement  in  it. 

Educational  effort  of  any  sort  will  show  these  six  func- 
tions. I  choose  a  few^  illustrations  at  random.  The  question 
concerning  the  desirability  of  giving  the  pupil  lists  of  answers 
to  his  examples  and  problems  in  arithmetic  is  a  case  of  balanc- 
ing (3)  and  (4)  against  (i).  If  the  answers  are  there  the 
pupil  can  tell  what  he  is  to  do  and  whether  he  has  done  it 
better,  but  he  may  cheat — that  is,  form  no  right  bonds  at  all. 

The  main  changes  of  the  last  score  of  years  in  the  teach- 
ing of  modern  languages  in  this  country  offer  one  huge 
illustration  of  (i)  and  (2).  In  modern-language  teaching 
we  have  changed  from  one  selection  and  ordering  of  bonds 
to  another — from  arranging  the  subject-matter  as  a  set  of 
general  principles  and  paradigms  in  a  graminaticaUy  con- 
venieyit  system,  zvith  minor  exercises  applying  this  system  to 
reading,  writing,  and  speaking,  to  arranging  it  as  a  multitude 
of  separate  usages  in  an  order  determined  largely  by  interest 
and  the  opportunity  offered  for  the  formation  of  associations 
in  the  zvay  in  which  they  will  be  used. 

The  various  'methods'  in  teaching  l^eginners  to  read 
differ  according  to  which  bonds,  and  which  order  of  bonds, 
they  favor.  The  diacritical  marks  have  been  dropped  from 
phonic  drills,  because  it  became  clear  that  the  gain  from  (3) 
the  pupil's  knowledge  of  just  what  bonds  he  was  to  form  was 
outweighed  by  ( 1 )  the  fact  that  the  bonds  formed  were  not 
nearly  so  valuable  as  1x>nds  leading  from  the  sight  of  a 
syllable  as  it  appeared  in  ordinary  print.  Beginning  with  a 
real  story  such  as  the  Three  Bears,  rather  than  with  isolated 
words  and  short  easy  sentences,  is  advocated  on  the  ground 
that  the  gain  from  (4).  (5)  and  (6)  outweighs  the  loss  in 
(2)    and    (3).     The  acting  out  in  movement  what  is   read, 

*  'More  easily'  means  throughout,  'more  easily  than  he  would  have 
done  if  left  to  his  own  devices.' 
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and  the  statement  of  it  by  the  pupil  in  his  own  words,  are 
found  profitable,  not  only  because  of  the  interest  they  add, 
but  also  because  they  teach  the  l^eginner  (3)  that  reading  is 
connecting"  not  only  sounds,  but  meanings,  with  certain  black 
and  white  visual  details. 

The  use  of  drills  with  a  time-limit  in  arithmetic  proves 
useful  especially  because  of  (6).  The  power  of  good  read- 
ing to  improve  a  pupil's  speech  and  writing  is  a  witness  to 
(3)  and  (4),  and  also,  by  a  connection  not  often  recognized, 
to  (i).  The  connection  is  through  inner  speech;  since  the 
pupil,  in  at  least  eight  cases  out  of  ten,  says  to  himself  what 
he  reads,  and  says  to  himself  what  he  is  going  to  write,  he  is 
being  actually  drilled  somewhat  in  good  speaking  and  writing 
by  his  reading. 

'Home'  geography  as  an  introduction  in  place  of  the  proofs 
of  the  earth's  oblate  sphericity,  was  a  change  in  (2)  due 
to  a  just  suspicion  that  ( i )  the  bonds  formed  in  the  older 
introductions  were  often  merely  verbal,  and  that  the  process 
of  making  them  required  very  remote  and  artificial  means 
to  (4),  (5)  and  (6). 

The  educational  guidance  of  learning  emphasizes  the 
kind  of  bonds  formed  more  than  does  the  unaided  practice  of 
the  learner  left  to  himself.  The  graded,  propaedeutic  and 
ancillary  exercises  of  a  good  text-book  in  arithmetic,  for 
example,  and  its  variety  of  drills  and  applications,  represent 
a  range  of  selection  and  an  amount  of  rejection  of  possible 
bonds  to  be  formed  that  would  surprise  any  one  unacquainted 
with  the  experimentation  in  the  teaching  of  arithmetic  during 
the  past  four  centuries.  This  emphasis  on  the  kind  of  bonds 
is  wise.  There  is  no  surer  means  to  improvement  than  to 
learrl  only  what  is  necessary  for  it ;  and  no  surer  waste  than  to 
form  with  great  labor  useless  or  irrelevant  tonds.  Yet  even 
a  gifted  learner,  in  even  a  function  relatively  free  from 
false  and  blind  alleys,  will,  if  left  to  himself,  often  go  astray. 

One  new  principle  is  shown  by  the  arrangement  of  subject 
matter  as  a  condition  of  improvement,  it  being,  of  course, 
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the  principle  of  order  or  sequence  of  bonds.  It  might,  perhaps, 
as  well  have  been  listed  among  the  psychological  conditions, 
but  is  shown  more  clearly  by  the  organization  of  text-books 
and  courses  of  study  than  by  the  procedures  of  learners  left 
to  themselves. 

Contrast  in  this  respect  what  a  pupil  eight  years  old  would 
do  if  left  to  learn  to  add  a  series  of  four  or  five  numbers  like 
46,  y2>'  1 7'  80  and  9,  as  one  is  left  in  the  ordinary  practice- 
experiment,  with  what  he  is  led  to  do  in  school.  In  the  latter 
case,  the  bonds  between  the  words,  one,  two,  three  and  four, 
and  their  meanings  as  names  for  collections  of  certain  numbers 
of  objects  and  as  names  for  certain  magnitudes  in  relation  to 
certain  units,  are  reviewed,  strengthened,  broadened  and 
refined.  Meanwhile  similar  bonds  are  created  with  six,  seven, 
eight,  nine  and  ten,  and  each  successive  integer  is  firmly 
associated  with  'the  preceding  integer — and  one  more.'  The 
single  additions  to  those  with  9  as  the  sum  are  learned  and 
verified  by  counting.  The  figures  (i,  2,  3,  4,  etc.)  are 
meanwhile  connected  with  the  words  and  used  to  replace 
them  in  the  bonds  so  far  formed.  The  meaning  of  adding 
and  of  equal  and   the  use  of  the  ^  f  |    positions  are  given 

•  .  332 

appropriate  connections.     The  situations    212,  each  accom- 

4    s   3    • 

panied  by  the  addition  attitude,  are  connected  eacli  with  its 
appropriate  series  of  responses. 

The  symbols  visual  and  oral,  eleven,  11,  twelve,  12,  etc., 
up  to  one  hundred,  are  connected  each  with  its  meaning, 
as  'so  many  tens  and  so  many  ones.'  An  adequate  sampling 
of  the  situations  J^JJ^_2^j^^  etc.,  each  accompanied  by 
the  addition  attitude,  are  connected  with  their  appropriate  re- 
sponses, the  old  single-addition  bonds  serving.  The  tends 
between  certain  situations  and  the  responses  of  writing  single 
and  two-place  numbers  in  columns  and  adding  them  are 
formed,  along  with  the  bonds  of  the  adding  processes  them- 
selves.    The  bonds  of  column  addition  without  carrying  are 
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extended  to  situations  like  |l_?^f^and^  :  and  then  to  situations 

2      36      -2         3 
like   _jL_!L_4L_4L^and  IL-      The   bond   between    o   and 
'not  any,  no'  is  formed;  and  then  the  associations:  '5  and  o 
are  5,'   'o  and  4  are  4,'   and   the   like.     The  bond  between 
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the  sight  of  o  in  cokimn  addition  and  'going  ahead  as  if  it 
were  not   there'   is    formed,   and   exercised   in   examples   hke 

14 
20         26  10 

^  iL  ^JLand  J2  I  aiKl  so,  on  and  on,  through  the  acquisition 
of  bonds  up  to  18  as  a  sum,  then  of  bonds  with  the  higher 
decades,  the  responses  here  being  largely  oral. 

These  bonds  are  introduced  and  exercised  partly  by  count- 
ing by  2's,  beginning  with  o  and  i,  by  3's  beginning  with 
o,  I  and  2,  by  4's  beginning  with  o,  i,  2  and  3,  etc.  Then 
'carrying'  is  associated  with  the  essential  element  with  which 
it  belongs,  care  being  taken  tliat  the  numbers  to  be  carried 
include  two  and  three  as  well  as  one;  and  enough  special 
bonds  involving  'carrying'  are  formed  to  give  the  process 
general  utility.  Special  bonds  are  made  when  o  is  to  be 
'written  down,'  and  i,  2,  3.  etc.  'carried.' 

The  order  of  formation  of  bonds  in  the  systematic  training 
of  scliools  is  probably  often  pedantic  and  over-systematized ; 
of  the  countless  orders  possible,  many  may  be  almost  equally 
favorable  to  improvement ;  the  order  resulting  from  the  un- 
planned trials  and  variations  of  a  learner  following  inner 
impulses  and  outer  suggestions  with  no  guidance  other  tha« 
his  previous  learning  and  zeal  to  improve,  may  be  more 
favorable  to  improvement  than  any  which  education  has  de- 
vised for  the  training  of  the  function  in  question.  These  facts, 
however,  do  not  contradict,  but  rather  illustrate,  the  state- 
ment that  the  order  of  exercise  of  the  j^articular  bonds  does 
condition  improvement. 


chapter  ix 
Changes  ix  Rate  of  Improvement 

In  this  chapter,  Iinprovcnicnt  will  mean  the  gross  or 
actual  gain  in  the  score  per  unit  of  time ;  Rate  of  hnproveynent 
will  mean  the  gross  or  actual  amount  of  such  gain  made  in 
the  course  of  a  given  amount  of  exercise  of  the  function.  If, 
for  example,  the  score  runs  from  o  up,  and  Individual  A 
scores,  in  the  tenth  hour  of  practice,  20,  in  the  fifteenth  hour 
of  practice,  30,  and  in  the  twentieth  hour  of  practice,  35,  he 
gains  15  in  the  course  of  the  ten  hours  of  practice  from  the 
tenth  to  the  twentieth,  improving  at  the  rate  of  2  per  hour 
from  the  tenth  to  the  fifteenth  hour,  and  at  the  rate  of  i  per 
hour  from  the  fifteenth  to  the  twentieth  hour.  His  rate  changes 
from  2  to  I  from  the  first  to  the  last  half  of  the  ten  hours 
in  question.  I  will  not  now  justify  this  use  of  actual  or  gross 
results  throughout,  but  will  simply  ask  the  reader  to  accept 
it,  assuring  him  that  it  is  for  his  own  convenience  to  do  so. 
Some  justification  was  gi^•en  in  Chapter  V^II ;  more  will  be  given 
at  the  close  of  this  chapter,  though  the  contents  of  the  chapter 
will  themselves  suggest  the  correct  rationale  of  the  whole 
matter  of  equating  one  change  with  another  change  in  the 
same  function. 

ILLUSTRATIVE    CASES 

Consider  Fig.  75  and  Fig.  76,  which  give  the  number  of 
additions  of  a  one-place  to  a  one-place  number*  made  in  five 

*  The  work  was  done  with  the  Rechcnhefte  of  Kraepelin.  These  books 
contain  cohimns  of  the  figures  i  to  9  in  practically  random  order.  The 
task  was  "to  add  each  successive  pair,  i.  e.,  the  first  and  second  digits, 
then  the  second  and  the  third,  and  so  on."  The  sums  were  announce^ 
orally  by  the  individual  doing  the  work.     [Wells,  '12,  p.   76] 
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Amount    of    practice:    in    minutes. 
Fig.    75.      Improvement   in   Addition  of   One-Place    Numbers:    Five   Adult   Men.      After 
Wells,  '12,   Plate  I,   following  p.  82. 
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Amount  of  practice:   in  minutes. 
Fic.    76.      Improvement    in    Addition    of    One-Place    Numbers:    Five    Adult    Women. 
After  Wells,  '12,   Plate  II,  following  p.   82. 
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minutes  on  each  successive  clay  (omitting  Sundays)  during 
five  weeks  by  each  of  ten  adults ;  and  Fig.  yj,  which  gives  the 
average  number  for  each  day  for  the  four  women  who,  at 
the  beginning,  did  from  210  to  265  additions  in  five  minutes. 
It  is  clear  that  the  gain  in  speed  is  not  equal  for  the  first  and 
second  fifteen  days.     The  rate  of  improvement  changes. 
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Fig. 
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Amount   of   practice:    in   minutes. 
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Improvement   in    Addition  of   One-Place    Numbers.      Average    Curve   for   the 
Four  Women  of   Fig.   76   with   Initial   Scores  of  220-260. 


Consider  also  Figs.  78  and  79,  which  give  the  number 
of  strokes  made  in  each  successive  thirty  minutes  of  practice 
at  typewriting  by  the  'sight'  method  for  two  individuals, 
X  and  Z.  170  half  hours  are  recorded  for  X  and  86  half 
hours  for  Z.  It  is  clear  that  the  gain  in  speed  is  not  equal  for 
the  first  and  second  halves  of  the  practice,  in  either  individual. 
It  is  also  clear  that  X  (Fig.  78)  made  much  less  gain  in  speed 
from  the  fortieth  to  the  eightieth  practice  period  than  he  did 
from  the  eightieth  period  to  the  one  hundred  and  twentieth. 
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Fig.    78.      laiprorement    in    Typewriting    by    the    Sight    Method:    Subject    X.      After 
Book,  '08,  Plate  opposite  p.  21. 
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Amount  of  exercise:  in  hours. 


40 


Fig.    79.      Improvement    in    Typewriting    by    the    Sight    Method:    Subject    Z.      After 
Book,  '08,   Plate  opposite  p.  21. 
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He  here  reversed  the  general  fact  of  less  ,  gain  the  more 
advanced  the  stage  of  practice,  displaying  a  'plateau'  followed 
by  a  rise,  such  as  was  described  in  Bryan  and  Harter's  study 
of  practice.  Z  showed  no  such  plateau  from  period  40 
to  period  80,  nor  following  the  time  when  he  reached  a  speed 
of  iioo  strokes  per  half-hour.  It  is  also  clear  that  the  gains 
from  day  to  day  fluctuated,  from  losses  or  negative  gains  of 
over  six  per  cent  to  positive  gains  of  nearly  twenty  per  cent. 
These  facts — that  the  rate  of  improvement  changes,  be- 
coming less  as  practice  advances,  and  showing  long-time 
fluctuations  such  as  the  'plateau,'  and  short-time  fluctuations 
from  week  to  week  and  day  to  day,  appear  often  in  experi- 
mental studies  of  the  improvement  of  mental  functions,  and 
may  be  expected  to  appear  often  in  the  learning  of  schools, 
trades  and  professions.  Before  discussing  them  and  their 
causes,  it  will  be  well  to  present  briefly  typical  data  on  the 
gains  from  successive  amounts  of  practice,  in  order  to  give 
a  general  acquaintance  with  the  total  negative  acceleration,* 
long-time  fluctuations  and  short-time  fluctuations  of  improve- 
ment. 

FACTS   CONCERNING   CHANGES   IN   RATE  OF   IMPROVEMENT 

Each  set  of  facts  will  be  presented  graphically  in  the 
form  of  a  curve  whose  successive  heights  from  left  to  right 
above  a  base  line  represent  the  scores  made  in  successive 
divisions  of  the  practice.  The  reader  should  consider,  in 
connection  with  each  of  these  curves,  the  exact  meaning 
of  the  score.  For  it  may  well  be  that  two  identical  curves 
mean  really  very  different  facts  of  change  in  efficiency,  and 
that  two  very  different  curves  mean  identical  facts  of  change 
in  efficiency,  according  to  the  meaning  of  the  s/:ore  in  eacli 
case  and  its   relation  to   the  real  efficiency  of  the   function. 

*  I  shall  use  the  term  'negative  acceleration'  to  refer  to  a  general 
decrease  in  the  rate  of  gain — a  decrease  that  characterizes  the  curve  as 
a  whole  or  a  large  part  of  it. 
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Thus,  suppose  the  efficiency  of  a  business  man  year  by  year 
to  be  measured  by  the  value  in  dollars  which  he  received 
for  his  work  of  the  given  year,  and  suppose  that  his  curve  from 
twenty-five  to  fifty-five  years  of  age  was  as  in  Fig.  80.  Sup- 
pose the  efficiency  of  a  teacher  to  be  measured  similarly  and 
to  show  an  identical  curve.  It  is  by  no  means  certain  that 
the  real  changes  in  efficiency  were  identical,  or  that  either 
was  as  represented  by  the  curve  of  Fig.  80.     The  relation  be- 
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Fig.  80.      Supposed  Curve  of  Salary  in  Relation  to  Age. 


tween  efficiency  and  wages  in  trade  may,  and  probably  does, 
differ  from  the  relation  that  obtains  in  teaching;  and  the 
relation  between  efficiency  and  wage  for  low  amounts  of 
efficiency  may,  and  probably  does,  differ  from  the  relation 
that  obtains  for  high  amounts.* 

I  shall  first  present  five  curves  (Figs.  81-85),  ^^^^  of 
which  reports  all  the  work  of  some  one  individual,  and  so 
shows  the  minor  irregular  fluctuations  as  well  as  any  more 

*  For  example,  in  trade,  adding  a  given  amount  K  to  a.  low  efficiency, 
say  2  K,  may  only  add  $500  to  the  money-price  or  reward  of  the  man's  work, 
but  adding   K  to  a.  high  efficiency,  say  6  K,  might  add  $50,000  thereto. 
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general  changes  in  rate  of  gain.  Following  these  I  shall 
present  certain  curves  (Figs.  86-90),  each  showing  the  work  of 
an  individual,  but  with  several  days'  products  united  in  a 
single  score.  Just  l3ecause  the  minor  fluctuations  in  these 
'grouped'  curves  do  not  appear,  any  long-time  fluctuation  or 
more  general  change  will  appear  more  clearly.  Lastly,  curves, 
each  representing  the  average  improvement  of  a  group  of 
individuals,  (Figs.  91-102)  will  be  shown.  These  conceal 
all  individual  eccentricities  in  the  rate  of  imjjrovement.  but 
will,  with  certain  limitations,  show  any  common  tendency — 
for  example,  to  initial  rapid  rise  and  negative  acceleration. 

Fig.  81  shows  the  rate  of  improvement  of  F  in  tossing 
balls  (as  described  on  page  120).  His  improvement  is  rather 
uniform  throughout,  save  that  the  last  thousand  tosses  did 
not  produce  any. 

Fig.  82  shows  the  same  fact  for  subject  A.  The  rate  of 
improvement  is,  with  subject  A,  so  irregularly  irregular  that 
no  simple  description  of  the  changes  in  it  can  be  given. 
A  straight  line  (which,  of  course,  means  zero  acceleration  or 
equal  rate  of  improvement  throughout)  fits  the  curve  of  Fig. 
82  about  as  well  as  any  other  simple  geometrical  curve  does. 

Fig.  83  shows  the  improvement  of  Vogt  in  adding  one- 
place  numbers  (printed  in  columns)  each  to  the  sum  already 
obtained,  l^eginning  anew  when  100  was  passed.  Vogt  worked 
seventy-five  minutes  a  day,  but  the  curve  shows  his  score  for 
the  first  five  minutes  only  of  each  day.  The  negative  acceler- 
ation of  the  improvement  is  here  very  clear. 

Fig.  84  shows  the  improvement  of  Emanuel  at  adding, 
as  reported  by  Kiirz  and  Kraepelin  ['00,  p.  420].  He  worked 
thirty  minutes  daily,  the  curve  being  for  his  total  achievement. 
This  also  shows  rapid  initial  rise,  but  the  negative  acceleration 
changes,  and  from  about  the  twelfth  day  on,  one  may  call 
the  curve  a  straight  line  or  a  'plateau'  followed  by  a  sudden  rise. 

Fig.  85  shows  the  course  of  improvement  of  Y  in  learn- 
ing to  typewrite  by  the  touch  method.  Rapid  initial  rise  with 
negative  acceleration  does  not  appear,  the  general  rate  being 
16 
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Fig.  _8i.  Improvement  in  Tossing  Balls:  Subject  F.  The  Average  Number  of  Tosses 
without  Failure  in  Each  Successive  Practice  Period.  (The  horizontal  scale  is  for 
the  amount  of   exercise   of  the   function,   as   measured  by   the   number   of  tosses.) 


,  23456769  10 

Amount  of  exercise:  in  thousands  of  tosses. 
Fig.  82.     Improvement  in  Tossing  Balls.     Subject  A.     Same  Arrangement  as  in  Fig.  81. 
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Fig.  85. 

Fic.  83.     Improvement  in  Addition  Made  by  Vogt.     (The  i  d.  means  that  there  was  a 
4»  instead  ot   a  24-hour   interval   between  the   two   practice-periods  in   question.) 

Fig.    84.      Improvement   in   Addition   Made  by   Emanuel.     After   Kiirz  and   Kraepelin, 

'00,  p.   420. 

Fro.    85.       Improvement    in    Typewriting    by    the    Touch    Metliod:    Subject    Y.      After 
Book,  '08,   Plate  opposite  p.   21. 
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closely  the  same  until  about  the  ninetieth  hour,  when  the  rate 
of  gain  falls  sharply  to  zero  and  remains  there.  The  minor 
fluctuations  are  large  in  extent. 
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Fig.  86.  Improvement  in  Typewriting  by  the  Sight  Method:  Subject,  Rejall.  (The 
efficiency  is  scored  for  each  of  the  first  seven  days,  and  thereafter  for  each  week. 
Each  unit  along  the  abscissa  equals  one  hour  of  practice.) 
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F|g.    87.       (Same    as    Fig.    86,    save    that    each    unit    along    the    abscissa    equals    the 
practice    of   writing   900    words.) 


Fig.  86  shows  the  curve  of  improvement  of  Rejall  in 
learning  to  typewrite,  the  work  of  the  first  seven  practice 
periods  being  presented  each  by  itself,  and  the  work  of  the 
remaining  periods  being  grouped  by  weeks.  After  the  rapiil 
rise  of  the  first   few   days,   the  acceleration   is,   in  general. 
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near  zero,  the  rate  of  improvement  showing  no  tendency  to 
fall  even  at  the  end  of  the  thirty  hours.  This  general  adher- 
ence to  a  straight  slope  rather  than  to  the  parabolic  form  is 
accompanied  by  a  failure  of  improvement  in  the  eighth  and 
ninth  weeks. 

Fig.  87  also  reports  Rejall's  learning  of  typewriting,  but 
with  the  amount  of  exercise  expressed  in  terms  of  one 
word  written  as  a  unit.  That  is,  on  the  base  line  of  Fig. 
87  one  eighth  of  an  inch  equals  about  one  thousand  words 
written,  whereas  on  the  base  line  of  Fig.  86,  it  equalled  about 
one  hour  spent  in  typewriting.  Fig.  87  shows  much  more 
negative  acceleration  than  Fig.  86,  of  course.  The  early  gain 
that  in  Fig.  86  was  spent  over  a  half  inch  along  the  abscissa 
is  now  condensed  within  about  a  quarter  of  an  inch.  The 
gain  of  the  last  ten  weeks,  which  in  Fig.  86  covered  only  an 
inch  and  a  half  along  the  abscissa,  now  covers  about  two 
inches. 

It  may  seem  to  superficial  thought  that  the  number  of 
words  or  letters  written  is  a  Ijetter  measure  of  the  amount  of 
exercise  of  the  function  than  the  time  spent.  To  write  a 
letter  ten  times,  one  may  claim,  is  surely  ten  times  writing- 
it  once.  It  is  not.  The  first  writing  of  a  word  may  mean 
an  examination  of  the  keyboard  and  the  selection  of  the 
right  response  from  many.  The  rejection  of  the  other  re- 
sponses is  as  truly  a  part  of  learning  as  merely  hitting  the  one 
key.  The  thousandth  writing  of  a  word  is  physiologically  a 
vastly  different  thing  in  the  amount  of  exercise  which  it  gives 
the  function  in  question.  I  do  not.  however,  assert  that  one 
'minute  of  practice'  is  more  truly  equal  to  another  'minute  of 
practice'  than  one  'word  written'  is  equal  to  another  'word 
written,'  though  that  is  my  opinion.  Units  of  time  are  better 
as  the  units  of  amount  of  practice,  because  they  are  always 
easily  intelligible,  and  can  be  used  nniforinly  for  all  functions. 
Whether  they  give  a  'truer'  equality  to  equal  fractions  of  the 
abscissa  length,  we  need  not  try  to  decide. 
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Weeks  of  practice. 


Fig. 


Improvement  in  Telegraphy.     Individual  E.  L.   B.     After  Bryan  and  Harter. 
('97.  P-   49-) 
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Fig.  89.     Improvement  in  Telegraphy.     Individual  W.  J.  R.     After  Bryan  and  Harter. 

('97.  P-   49.) 
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Figs.  88,  89  and  90,  which  repeat  the  Bryan  and  Harter 
curves,  show  the  course  of  improvement  in  learning  teleg- 
raphy,   tested   weekly.      The   sending   curves    show    negative 


Improvement  in   Telegraphy.      Individual   B.    L.     After   Bryan  and   H  irter. 
('97,  Plate  I,  8.) 


W^tks   of    i/iacncx. 
Fig.   91.     Approximate  Average  Curve  of  Practice   in  Telegraphic   Sending. 

acceleration,  with  the  improvement  approaching  zero  as  a 
limit  toward  the  ends  of  the  curves.  Two  of  the  receiving 
curves  show  marked  plateaus.  In  Figs.  91  and  92  I  have 
drawn  roughly  the  average  sending  curve  and  the  average 
receiving  curve  for  these  three  individuals. 
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Weeks  of  practice. 
Fic.  93.     Approximate   Average  Curve  of  Practice  in  Telegraphic  Receiving. 
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Fig.    93.      Average    Curve    of    Improvement    of    Two    Adults    in    Speed    of    Tapping. 
(Computed   from  the  four  curves  presented  by  Wells,  '08  b,  p.  4S4-) 
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Fig.  93  shows  the  average  gain  of  two  ackilts  in  rapidity 
of  tapping  with  a  telegraph  key — a  straight-h'ne  curve,  until 
toward  the  end. 

Fig.  94  shows  the  average  gain  of  nine  adults  in  judging 
the  weights  of  a  series  of  boxes  as  a  postal  clerk  might  judge 
the  weight  of  packages. 
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Number  of  single  judgments   made. 
Fig.    94.     Average    Curve    of    Improvement    of    Nine    Adults    in    Estimating    Weights. 
After   Whitlty,   '11,  p.    133. 

Figs.  95  and  96  show  the  gains  of  a  group  of  five  men 
and  a  group  of  five  women  in  marking  the  figure  'o'  on  a 
special  blank,  used  repeatedly.  The  ten  individual  practice 
curves  were  shown  in  Figs.  50  and  51  on  page  124. 

The  negative  acceleration  shown  by  these  curves  is  in  part 
spurious.  The  method  of  scaling  the  amount  of  exercise 
of  the  function  in  Figs.  95  and  96  is  not  our  usual  one. 
Equal  distances  along  the  abscissa  here  represent  'equal  num- 
bers of  o's  checked,'  not  equal  amounts  of  time  sj>ent  in 
practice.  If  the  better  method  were  used,  the  appearance  of 
negative  acceleration  would  be  reduced. 

Fig.  97  shows  the  gain  of  a  group  of  nine  adults  in 
marking  the  A's  on  ordinary  pages  of  print,  no  page  being 
used  twice. 
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Fig.  95.  Average  Curve  of  Improvement  of  Five  Adult  Men  in  a  Number-Checking 
Test.  Computed  from  Wells,  '12,  Plate  III,  following  p.  82.  (Note  that,  contrary 
to  the  method  used  in  Figs.  73-86  and  88-94,  equal  distances  along  the  abscissa 
in  this"  and  the  following  figure,  represent  equal  amounts  of  product  produced, 
not  equal  lengths  of  time  spent  in  practice.  Wells  docs  not  give  data  permitting 
a  precise  calculation  of   improvement  for  each  five  minutes  spent.) 
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Amount  of  practice:    zeros  marked    (in   thousands). 

Fig.  96.     Average  Curve  of  Improvement  of  Five  Adult  Women  in  a  Number-Checking 
Test.     Computed  from  Wells,   '12,  Plate   IV,   following  p.   82. 
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Munn's  twenty-three  learners  in  a  substitution  test  gave 
average  scores  in  time  required  each  successive  day  as  shown 
in  Fig.  98.  Munn  states  that  the  "gain  first  half  was  three 
times  the  gain  of  second  half"  ['09,  p.  38],  having  taken 
the  appearance  of  Fig.  98  at  its  face  value.  But  if  the  scores 
are  transmuted  into  amounts  done  per  minute,  and  the  half- 


1 

- 

i 

40 

0 

^^ 

6  30 

0 

V- 

1       ' 

•       1 

i. 

'S 

120 

- 

D. 

-v 

M 

f  10 

- 

"rt 

0 

u 

3 

1             It             1             1             1 

0  25  50  75 

Minutes  spent  in  practice    (approximate). 


100 


125 


150 


Fig.  97.  Average  Curve  of  Improvemprit  of  Nine  Women  Students  in  Marking  a's 
in'  Regular  Text,  No  Page  Being  Used  Twice.  Computed  from  Data  Given  by 
Whitley,  'ii,  p.  120  ff.  (The  scores  given  by  Whitley  are  somewhat  complicated, 
and  the  curve  drawn  here  is  therefore  only  an  approximation.) 


way  point  is  taken  at  the  point  where  half  of  the  total  time 
of  practice  has  been  spent,  we  find  the  gain  in  amount  done  per 
unit  of  time  to  have  been  from  25 J4  to  543/2  in  the  first  half, 
and  from  545^  to  about  85  in  the  second  half,  of  the  total  time 
given  to  practice.  As  a  matter  of  fact,  the  rate  of  gain  in 
amount  done  per  unit  of  time  is  about  the  same  all  through. 
The   practice   curve,    scaled   vertically    for   amount   done  per 
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Amount  of  practice:   single  substitutions. 
Fig.    98.      Progressive    Decrease    in    Time    Required    for    the    Completion    of    Twenty 
Substitutions  of  Letters  for  Letters:  Twenty-Three  Women  Students.     After  Munn, 
'09.  p.  39. 
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Amount  of  practice:  in  seconds. 
Fig.    99.       Average     Curve     of    Improvem.ent    of    Twenty-three    Women     Students    in 
Substituting  Letters  for  Letters.      (Coniputed   from  the   data   of  Fig.   98,   which  it 
presents    as    the    improvement    in    amount    done    per    unit    of    time,    the    amount   of 
exercise  of  the  function  being  measured  by  the  amount  of  time  spent.) 
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unit  of  time,  the  horizontal  scale  being  for  time  spent  in 
practice,  is,  as  shown  in  Fig.  99,  approximately  a  straight  line.  *= 
Nineteen  adult  students  as  a  group  showed  the  improve- 
ment in  addition  recorded  in  Fig.  100.  The  addition  was  of 
columns,  each  of  ten  one-place  numbers.  A  group  of  fifty 
children  in  the  fourth  school  grade  showed  the  improvement 
of  Fig.  ioi  in  the  same  sort  of  addition. 
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Fig.    100.      Average    Curve   of   Improvement    of   Nineteen    Adult    Students   in    Column 
Addition  of  One-Place  Numbers. 

A  group  of  twelve  adults,  including  those  of  somewhat 
nearly  the  same  initial  ability,  improved  in  mental  multipli- 
cation with  three-place  numbers  as  shown  in  Fig.  102. 

*  There  is  more  reason  for  using  equal  units  of  amount  of  work  done, 
instead  of  equal  units  of  time  spent,  as  equal  units  of  the  amount  of 
exercise  of  the  function  in  the  case  of  such  substitution  tests  as  Munn's 
than  in  the  case  of  addition,  telegraphy  or  mental  multiplication.  Each 
time  a  letter  is  translated  into  another,  may  with  much  justice  be  thought 
of  as  one  working  of  that  one  bond.  Not,  however,  with  perfect  justice. 
In  early  work  the  whole  keyboard  may  be  examined ;  many  glances 
toward  wrong  spots  are  being  made,  attended  with  discomfort,  and  so 
eliminated;  and  the  glance  at  the  correct  spot  on  the  'key'  is  likely 
to  last  a  relatively  long  time,  and  so  really  to  equal  several  of  the  later 
fleeting  glances.  In  any  case,  we  are  here,  for  simplicity's  sake,  con- 
sidering amount  of  practice  always  in  terms  of  amount  of  time  spent. 
Even  if  it  were  agreed  that  in  early  trials  with  substitution  tests  much 
of  the  time  was  wasted  in  looking  at  wrong  places,  our  general  rule 
of  treatment  would  reckon  that  in  as  a  feature  of  the  early  practice. 
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Fig.    ioi.     Average   Curve  of  Improvement  of   School   Children   in   Column   Addition. 
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Fig.    102.      Average    Curve    of    Improvement    of    Twelve    Adult    Students    in    Mental 
Multiplication   with  Three-Place   Numbers. 
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RAPID     EARLY     RISE     AND    GENERAL     NEGATIVE    ACCELERATION 
IN  IMPROVEMENT 

If  any  one  simple  form  of  curve,  in  addition  to  the  straight 
line  representing  no  change  in  rate  of  improvement,  had 
to  be  chosen  to  represent  the  actual  variety  of  facts  with  the 
least  possible  amount  of  error,  we  should  take  some  such  curve 
as  that  of  Fig.  103.*  The  rapid  early  rise,  diminishing  from 
the  start  until  at  the  end  the  amount  of  gain  is  infinitesimal, 
is  suggested  by  a  number  of  practice  curves.  Moreover, 
some   curves,    which    at   their    face-value    show    no   negati\e 


Fig.  103.  Approximate  Curve  for  Y"  =  X.  (This  curve  is  drawn  by  joining  the 
points  for  y  corresponding  to  X  =r  ]/;,  X  =  i,  X  =  2,  X  =  5,  X  =  10,  X  =  20. 
X  =  30,  etc.,  to  X  =:  100.  With  enough  points  interpolated,  it  would  of  course  he 
a  smooth  curve.) 

acceleration,  do  show  it  wdien  the  score  used  is  transformed 
into  a  score  more  truly  parallel  to  the  real  efficiency  of  the 
function. 

This  would  probably  be  the  case  with  the  curves  for 
tossing  balls  (Figs.  8i  and  82).  We  should  probably  agree 
that  a  man  who  can  toss  two  balls  (without  dropping  them) 
two  hundred  and  one  times  does  not  differ  in  real  efficiency 
from  the  man  who  can  so  toss  them  one  hundred  and  one 
times,  to  the  same  degree  that  a  man  who  can  toss  two  balls 
a  hundred  and  one  times  differs  from  one  who  can  toss  two  balls 
once.     One  added  toss  means  probably  less  and  less   added 

*  This  equation  of  this  curve  is  y*'  =  x. 
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efficiency  as  the  number  of  tosses  to  which  it  is  added  in- 
creases.* If  Swift  had  scored  efficiency  by  some  sliding  scale 
of  this  sort,  say  by  giving  credits  of  6  for  each  toss  up  to  5, 
5  for  each  toss  from  5  up  to  10,  4  for  each  toss  from  10  to 
20,  3  for  each  toss  from  20  to  40,  2  for  each  toss  from  40  to  70, 
and  I  for  each  toss  over  70,  Figs.  81  and  82  would  have  shown 
very  pronounced  negative  acceleration.! 

On  the  other  hand,  the  rapidity  of  the  early,  and  the 
slowness  of  the  late,  gains  may  be  overestimated  by  taking 
a  score  at  its  face-value.  Suppose  that  achievement  in  punctu- 
ation and  capitalization  was  scored  by  the  percentage  of 
opportunities  for  punctuation  that  were  correctly  used.  Then 
a  beginner  might  well  change  from  a  score  near  zero  to  a 
score  near  50  per  cent  by  simply  learning  to  begin  sentences 
that  were  clearly  sentences  with  capitals,  and  to  end  them  with 
periods.  Two  hours  of  drill  might  bring  him  nearly  half- 
way to  perfection — as  far  as  the  next  two  hundred  hours — 
by  the  score.  Yet  perhaps  by  no  measure  of  ability  that 
teachers  of  English,  or  proof-readers,  or  men  who  pay  for 
letter-writing,  or  experts  in  education,  would  accept,  would 
his  progress  in  the  first  two  hours  be  regarded  as  equal  to 
that  of  the  next  two  hundred. 

Attention  has  been  called,  in  connection  with  the  curves 
of  Wells  for  number-checking,  of  Munn  for  substituting  and 
of  Rejall  for  typewriting,  to  the  spurious  increase  of  negative 
acceleration  which  appears  when  equal  products  produced, 
instead  of  equal  amounts  of  time  spent,  are  used  as  equal 
units  of  abscissa — that  is,  of  exercise  of  the  function.  Once 
such  a  curve  has  been  drawn,  the  clear  picture  of  quantitative 
relations    that   it   gives   is   almost   sure   to   mislead.      In   my 


*  Supposing  the  influence  of  fatigue  to  be  eliminated  by  allowing  the 
learner  to  stop,  rest,  and  begin  again  after  each  fifty  tosses,  adding  up 
his  tosses  until  he  fails. 

t  Assuming  the  unit  of  abscissa  length  to  be  a  given  time  spci^t  in 
actual  tossing  or  a  given  number  of  tosses. 
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opinion,  much  of  the  common  notion  that  pronounced  nega- 
tive acceleration  is  very,  very  common  in  the  improvement 
of  mental  functions,  is  due  to  this  error.  I  myself  have  been 
guilty  of  it ;  and  since  in  five  years  no  one  had  pointed  out 
my  error,  I  assume  that  its  plausibility  has  misled  the  great 
majority  of  readers. 

Negative  acceleration  of  any  great  amount  is  far  from 
being  a  general  rule  of  learning.  On  the  contrary,  it  may  well 
be  that  there  are  some  functions,  such  as  amount  of  know- 
ledge of  history,  or  of  geography,  or  of  foreign  languages, 
or  of  fiscal  statistics,  where,  by  any  justifiable  score  for 
'amount  of  knowledge,'  the  rate  of  improvement  in  hour  after 
hour  of  practice  would  rise,  giving  a  pronounced  positive 
acceleration.  Each  item  of  information  may,  in  such  cases, 
make  the  acquisition  of  other  items  easier;  learning  some  one 
fact  may  involve  knowledge  of  a  score  of  new  facts  in  the 
shape  of  its  relations  to  the  facts  previously  learned.  So 
knowledge  may  roll  up  like  a  snow-ball,  its  sum  being,  say, 
as  the  cube  of  the  amount  of  time  spent.  What  we  may  call 
the  'knowledge  functions'  do,  as  a  rule,  show,  to  say  the  least, 
very  much  less  of  the  diminishing  returns  from  increasing 
practice  than  do  the  functions  of  skill  in  some  single  line  of 
work  which  figure  so  often  in  the  experimental  studies  of 
practice. 

In  many  functions,  then,  there  may  be  no  acting  limit 
to  improvement  and  no  demonstrable  negative  acceleration 
in  its  rate,  but  on  the  contrary,  perhaps,  an  indefinite  in- 
crease. Moreover,  where  there  is  an  acting  limit,  it  may  be 
reached  suddenly,  at  a  clear  angle,  as  it  were.  Let  the  function 
be  'knowledge  of  the  fifth  powers  of  the  odd  numbers  from 
7  to  13,  so  as  to  give  them  correctly  nine  times  out  of  ten 
in  five  seconds,'  and  let  the  method  of  practice  be  to  learn 
any  one  only  after  those  preceding  are  known.  Then  it  would 
be  found  that  adults  would  improve  from  zero  to  i  (that  is, 
to  knowledge  that  7^  =  16807),  ^^  ^  second  or  so;  from  i 
to  2  (that  is,  to  knowledge  that  9^  =  59049  ^^■'•^  th-^t  y^  ^= 
17 
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16807)  i^"^  some  seconds  more;  and  so  on,  reaching  the 
assigned  limit  of  perfect  knowledge  sharply. 

In  the  sorts  of  functions  where  improvement  has  l>een 
studied,  the  hmit  is  usually  approached  gradually  because  there 
is  an  acting  limit,  and  because  the  factors  producing  im- 
provement in  the  score  produce  less  and  less  per  unit  of  practice 
as  the  limit  is  approached.  Some  of  the  principles  which 
explain  why  the  factors  producing  improvement  in  the  score 
do  in  fact  act  in  this  way,  will  be  stated  later  in  this  chapter. 

The  specially  sagacious  reader  will  have  been  puzzled  in 
examining  the  practice  curves  a  few  pages  back,  and  in  read- 
ing the  discussion  up  to  this  point,  by  two  facts.  The  first 
is  that  a  rapid  initial  rise  seems  to  appear  in  the  beginning  of 
a  practice  experiment  even  though  the  function  has  previously 
had  much  practice — that  there  is  a  rapid  rise  at  the  begin- 
ning even  when  the  1)eginning  comes  in  the  middle  or  near 
the  end !  The  second  is  that  I  should  have  failed  to  distinguish 
problems  of  the  form  of  the  total  curve  of  improvement 
upward  from  a  real  zero — or  just  not  any  of  the  achievement 
in  question — to  the  limit  attainable,  from  problems  of  the 
form  of  some  small  section  out  of  it.  The  form  of  the  curve 
for  ninety  hours  at  typewriting,  beginning  with  only  a 
general  knowledge  of  the  instrument  and  keyboard,  has,  for 
example,  been  strangely  lumped  in  with  the  form  of  the 
curve  for  ninety  minutes  of  adding,  beginning  with  the 
arithmetical  equipment  of  an  educated  adult. 

About  the  first  of  these  facts,  I  will  say  nothing  now.  As 
to  the  second,  the  obviously  necessary  discriminations  amongst 
practice  curves  on  the  basis  of  differences  in  the  starting- 
point  have  so  far  been  omitted  for  two  reasons.  First,  it  is 
in  the  end  clearer  to  treat  practice  curves  at  first  without 
too  many  discounts  from  their  face  value.  If  the  emendations 
due  to  variations  in  starting-point  had  been  suggested  along 
with  the  emendations  required  by  inequalities  in  units  falsely 
taken  as  equal,  the  reader  might  well  have  become  disgusted 
with  practice  curves,  regarding  any  one  of  them  as  an  un- 
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defined  section  of  somebody's  learning,  measured  with  pre- 
tentious and  misleadmg  numbers,  which  somehow  always 
turned  out  as  a  straight  line  or  parabola! 

In  the  second  place,  although  the  discussion  of  total  form 
and  initial  rapid  rise  ought  theoretically  to  be  limited,  at 
least  in  the  beginning,  to  curves  which  start  at  zero  efficiency, 
it  is  difficult  to  define  zero  efficiency  and  still  more  difficult 
to  get  actual  cases  of  it  and  of  curves  starting  therefrom. 

If  zero  efficiency  is  defined  as  'just  not  any  production 
in  a  unit  of  time,'  the  difficulty  lies  in  deciding  upon  a  unit 
of  time.  If  we  make  the  unit  one  minute,  a  four-year-old 
child  and  a  college  graduate  will,  in  the  case  of  telegraphy, 
appear  to  be  both  at  or  near  zero  when  practice  begins. 
If  we  make  the  unit  one  hour,  the  former  will  produce  little 
more  than  before,  while  the  latter  will  produce  perhaps  three 
hundred  times  as  much.  If  one  of  my  readers  who  has  never 
touched  a  typewriter  should  now  practice  for  an  hour,  he 
could  certainly  make  a  score  of  thirty  legible  words,  while 
few  four-year-olds  could  attain  in  that  time  the  correct  copy- 
ing of  a  single  word.  If  we  say  that  in  telegraphy  or 
typewriting  they  both  start  at  zero,  we  must  add  that  zero 
does  not  mean  the  same  thing  in  the  two  cases.  Since  it  does 
not,  which  is  the  true  zero  from  which  the  total  curve  of 
practice  is  to  be  reckoned?  The  ostensible  zero  of  telegraphy 
or  typewriting  for  an  adult  is  a  production  that  does  not, 
in  a  very  short  time,  amount  to  enough  to  be  recognized  by 
the  arbitrary  score  chosen,  but  that  is  consistent  with  a  large 
power  of  production  in  reading,  understanding  directions, 
counting,  estimating  lengths  of  time,  and  the  like,  which 
really  are  a  part  of  the  telegraphing  or  typewriting.  In 
a  longer  unit  of  time  this  production  will  be  considerable. 
For  a  four-year-old,  the  ostensible  zero  is  a  production  that 
will  not  amount  to  enough  to  be  recognized  by  our  scoring  in 
either  a  short  or  long  unit  of  time,  and  that  conceals  no  such 
powers  of  propaedeutic  production. 
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It  is  instructive  to  consider  wliat  would  result  if  we  began 
our  practice  experiments  in  telegraphy,  typewriting,  short- 
hand, column  addition,  mental  multiplication,  and  the  like, 
with  three-year-olds,  retaining  present  methods  of  scoring. 
We  should  find,  instead  of  the  rapid  initial  rise  and  negative 
acceleration,  a  very,  very  slow  initial  rise,  a  positive  acceler- 
ation for  many,  many  hours,  which  would  turn  into  the 
parabolic  form  only  well  on  toward  the  physiological  limit 
of  the  function. 

Two  facts  of  importance  emerge  from  the  logical  and 
statistical  maze  into  which  one  plunge^  who  tries  to  find  out 
what  we  do  mean,  and  what  we  ought  to  mean,  by  the  zero 
of  a  certain  ability  and  by  zero  production  of  a  certain 
product.  First,  mental  abilities  or  functions  are  so  interde- 
pendent that  the  point  whei'e  a  man  absolutely  just  begins 
to  improve  any  one  of  them  simply  cannot  be  found.  The 
function  of  a  telegrapher's  'sending,'  as  an  inner  ability  on  his 
part,  began  to  improve,  long  before  he  ever  saw  a  Morse 
key,  when  he  began  to  learn  to  read,  write  and  spell ;  long 
before  that,  indeed,  when  he  began  to  use  oral  language  in- 
telligibly ;  even  long  before  that,  when  he  began  to  control 
and  adapt  his  original  prattling,  cooing  and  gurgling.  The 
beginning  of  the  curve  of  improvement  of  any  ability,  re- 
garded as  an  inner  feature  of  the  man,  is  simply  the  beginning 
of  all  his  abilities.  In  a  true  and  important  sense,  all  practice 
curves  should  start  with  the  first  association  that  the  baby 
forms. 

Second,  the  improvement  in  the  product  of  successive 
periods  of  mental  production  can  be  studied  as  a  series  of 
facts  by  itself;  it  can  be  measured  in  a  practice-curve  whose 
geometrical  form  can  be  analyzed  to  any  extent  and  with  any 
degree  of  rigor.  But  such  studies  are  likely  to  be  very  mis- 
leading, if  made  without  consideration  of  the  product  measured, 
the  score  used,  the  individual  producing  it,  and  the  conditions 
under  which  he  produced  it.  If  such  measurements  as  have  so 
far  been  made  of  successive  productions  are  used  merely  as 
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SO  many  samples  of  some  one  abstract  thing- — 'practice'  or 
'improvement'  or  'learning' — they  very  soon  reach  the  end  of 
their  rope  at  the  hands  of  a  critical  thinker.  Such  a  one  will 
find,  as  I  have  hinted,  that  the  'practice  curve'  follows  one  law 
with  one  score  of  a  product,  another  with  another;  follows  one 
law  wuth  one  product,  another  with  another ;  follows  one  law 
with  an  individual  at  one  stage  of  his  total  learning,  another  at 
another.  Such  series  of  successive  productions  become  in- 
telligible only  when  they  are  considered  as  the  results  of  the 
bonds  formed  or  broken  by  a  certain  individual,  starting  at 
a  certain  point  in  his  general  and  special  learning,  and 
measured  by  a  certain  score.  Series  of  successive  produc- 
tions, so  considered,  are  no  contradictory  muddle,  but  in- 
dispensable means  for  insight  into,  and  control  of,  human 
learning. 

They  will  be  so  considered  in  the  next  section.  Such  con- 
sideration of  the  changing  score  as  a  product  of  changed 
bonds  in  the  learner  will  solve  our  puzzle  of  why  a  rapid 
rise  appears  at  the  beginning  of  practice  no  matter  how  far 
on  in  practice  you  begin,  and  will  also  lead  to  far  more  im- 
portant general  principles. 


THE    CAUSES    OF    THE    FORM    OF    PRACTICE    CURVES 

In  the  following  passage,  containing  a  part  of  his  ex- 
planation of  the  negative  acceleration  found  in  learning  to 
typewrite,  Book  takes  the  wise  course  of  explaining  the  form 
of  the  practice  curve  by  the  nature  of  the  bonds  made  and 
their  effect  on  the  score. 

"After  what  has  been  said  our  explanation  of  the  general 
features  of  our  curves  can  be  brief.  The  first  rapid  and  con- 
tinuous rise  is  due  to  the  fact  that  the  learner  is  making 
progress  along  many  different  lines  at  once.  Rapid  strides 
of  improvement  are  possible  and  made  simultaneously  in  every 
department  of  the  work.  The  learner  is  not  only  forming  and 
perfecting  letter  associations  but   syllable,    word  and  phrase 
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associations  as  well.  He  is  simultaneously  improving  his 
method  of  dealing  with  every  problem  that  the  writing  pre- 
sents ;  locating  the  keys,  directing  and  controlling  his  fingers, 
"spelling"  or  initiating  the  movements,  getting  his  copy, 
learning  to  deal  with  special  difficulties,  learning  to  keep 
attention  more  closely  and  economically  applied  to  the  work, 
etc.  The  curves  will  rise  rapidly  and  continuously  so  long 
as  many  of  these  possibilities  of  improvement  exist.  As 
they  grow  less  numerous  the  rate  of  gain  will  likewise  decline 
until,  as  still  more  skill  is  acrjuired,  a  state  is  reached  where 
most  adaptations  or  short  cuts  in  method  have  been  made : 
fewer  special  habits  remain  to  be  developed ;  fewer  adaptations 
are  possible.  Those  possible  have  become  harder  and  harder 
to  make,  because  they  must  be  made  in  the  realm  of  higher 
habits  where  the  learner  has  had  less  experience.  Every  man 
has  had  experience  with  the  first  stages  of  learning,  but  little 
with  the  later  stages  because  most  people  touch  lightly  many 
things  and  are  masters  of  nothing.  There  being  now  fewer 
adaptations  to  make  and  those  possible  being  harder  and 
harder  to  make,  and  the  process  of  finally  perfecting  all  the 
special  associations  being  so  gradual  and  slow,  the  learning 
curve  becomes,  as  the  expert  stage  is  approached,  almost 
horizontal.  In  the  later  stages  of  learning  the  sole  gam 
must  come  from  an  occasional  adaptation  ancl  from  a  further 
perfection  of  the  present  habits  and  methods  of  work."* 
[Book,  '08,  p.  99  f.] 

This  quotation  presents  one  possible  (and  also  real)  cause  of 
changes  in  rate  of  improvement.  It  is  undoubtedly  the  fact  that 
the  general  parabolic  form  so  commonly  found  may,  in  many 
cases,  be  due.  in  whole  or  in  part,  to  the  early  ease  and  increas- 
ing difficulty — approaching  impossibility  as  a  limit — of  form- 
ing equally  useful  and  eliminating  equally  bad,  habits  or  bonds. 
Very  often  a  unit  of  time  early  subtracts  many  bad,  and  adds 
many  good,  bonds  of  large  value  to  the  score,  whereas  late 
in  the  course  of  training,  it  results  in  laboriously  polishing 
off  some  minor  detail  of  efficiency,  the  major  bonds  having 
already  been  formed. 

*Book,  it  should  be  said,  elsewhere  enriches  this  explanation  of  the 
form  of  the  curve  of  improvement  in  typewriting. 
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There  are,  however,  principles  beneath  this  fact  which  in- 
clude it  as  one  of  their  consequences,  and  also  provide  a  more 
general  understanding  of  the  entire  relation  between  ( i )  the 
differences  in  difficulty  of  forming  bonds  of  equal  effect  on 
improvement  in  the  score  and  (2)  the  changes  in  the  rate  of 
improvement  in  the  score.  They  also  reveal  other  factors 
and  conditions  determining  the  form  of  the  practice  curve. 
These  principles  will  be  made  clear  by  the  following  artificial 
cases. 
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Fig.  104.  Case  I.     (See  the  text  for  the  facts  concerning  its  causation.) 

Case  I. 

Assume :  ( i )  that  the  total  improvement  in  a  function 
from  .V  efficiency  to  the  maximum  efficiency  is  due  to  a  given 
number  (n)  of  bonds  to  be  formed:  (2)  that  each  of  these 
bonds  is  equally  easy  to  form,  requiring  time  t  at  the  in- 
dividual's maximum  power;  and  (3)  that  each  of  them  has 
an  equal  effect  (k)  in  raising  the  score;  Assume  that  (2) 
and  (3)  hold  regardless  of  what  order  the  bonds  are  formed 
in.  Assume:  (4)  that  only  one  bond  is  being  formed  at 
any  one  time  in  practice,  and  (5)  that  no  effect  on  the  score 
results  from  the  formation  of  a  bond  until  it  is  completely 
formed.  Assume  (6)  that  work  is  always  done  at  maximum 
power  and  that  'maximum  power'  is  a  constant  throughout. 
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Then  the  curve  of  practice  will  be  a  pure  'staircase,'  with 
equal  steps,  each  of  k  height,  the  number  of  steps  being-  n, 
the  total  improvement  nk,  the  total  time  nt.  If  n  =  8,  and 
the  initial  efficiency,  x  =  4.  k,  the  practice  curve  will  be  as  in 
Fig.  104. 

Case  I  a. 

Assume  as  in  Case  i,  except  that,  in  place  of  (5),  it  is 
assumed  that  each  equal  fraction  of  time  si)ent  at  the  person's 


0  It  2t  3t  4t  St  6t  Tt  at 

Fic.   to;;.     Cases  la  and  lb.     (See  the  text  for  the  facts  concerning  its  causation.) 

maximum  power  upon  any  bond  is,  until  the  bond  is  com- 
pletely formed,  equally  effective  on  the  score.  Then,  the 
other  conditions  remaining  the  same,  we  have  a  straight-line 
slope  till  the  limit  is  reached,  as  in  Fig.  105. 

Case  I  b. 

Assume  as  in  Case  i  a,  except  that  any  number  of  bonds 
can  be  being  formed  in  the  same  time,  the  power  forming  one 
bond  in  time  t  being  able  to  half  form  two  bonds,  or  quarter 
form  four  bonds,  or  one  tenth  form  ten  bonds,  etc.,  in  an  equal 
time.    Then  we  still  have  Fig.  105. 
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Case  I  c. 

Assume  Case  i  a,  or  Case  i  b,  but  let  n  be  infinitely  large. 
Then  we  have  Fig.  106,  in  which  the  straight  line  repre- 
senting zero  acceleration  goes  on  forever. 

Case  II. 

Assume  Case  I,  except  that,  instead  of  (2),  half  of  the 
bonds  are  each  just  twice  as  hard  to  form  as  the  others,  in 


0         II         2t        3t         c.     etc. 

Fig.   106.     Case  Ic.      (The  real  curve  in  question  would  continue   indefinitely   with   the 
same   slope.     See   the  text   for   further  explanation.) 

the  sense  of  each  requiring  2  t  at  maximum  power  while  the 
others  each  require  i  /.  The  form  of  the  practice  curve  will 
then  depend  on  the  order  in  which  the  bonds  are  formed. 
The  conditions  assumed  allow  an  enormous  variety  of  orders, 
resulting  in  one  particular  curve  for  each  particular  order.* 
If  the  easiest  bonds  are  all  formed  first,  the  curve  will  be  as 
in  Fig.  107.  If  the  hardest  are  all  formed  first,  the  curve  will 
be  as  in  Fig.  108.  If  half  of  the  easiest  are  formed  first,  and 
the  other  half  last,  the  curve  will  be  as  in  Fig.   109. 

*  Though,    of   course,    different   orders   may    produce    identical    curves. 
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0      It      it     3t     4t  6t  8t  lot  121 

Fic.   107.     Case  II:     Easier  Bonds  First.      (See  the  text  for  explanation.) 


0  Zt  4t  6t  et  K)t  let 

Fig.  108.     Case  II:     Easier  Bonds  Last.     (See  the  text  for  explanation.) 
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at        4t        6t        et        lot       i2t 

Fig.  109.     Case  II:     Easier  Bonds  First  and  Last.     (See  the  text  for  explanation.) 


Case  II  a. 

If  we  assume  Case  I  a.  but,  instead  of  (2),  assume  the  in- 
equality of  difficulty  noted  in  Case  II,  then,  according  to  the 
order  in  which  the  bonds  are  formed,  we  will  have  Figs. 
no,  III  and  112. 


0  zt  4t  6t  et  lOt         t2t 

Fig.   ho.     Case  Ila:  Easier  Bonds  First.     (See  text.) 
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0  2t  4t  6t  8t  lot  IZt 

Fig.   III.     Case  Ila:   t'asier  Bonds  Last.     (See  text.) 
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Fig.   112.     Case  Ila:  Easier  Bonds  First  and  Last.      (See  text.) 

Cases  lib  and  II  c,  corresponding  to  I  b  and  I  c,  need 
not  be  elaborated. 

Case  II  d. 

Assume  Case  I,  except  that  in  place  of  (2)  we  have  very 
elaborate  inequalities  in  the  time  required  at  maximum  power : 
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namely,  let  the  number  of  bonds  (w)  be  10,  and  let  them 
require,  respectively  i  ^,  2  /,  3  /,  4  f,  5  f,  6  ^,  7  ^  8  ^,  10  ^ 
and  16  ^ 


Fig.    113.      Case    lid:    Bonds    Formed    in    Order    from    the    Easiest    to    the    Hardest. 

(See  text.) 


8t 


4Si 


Fig.    114.      Case    lid:    Bonds    Formed    in    Order    from   the    Hardest    to    the    Easiest 

(.See  text.) 
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Then,  if  the  bonds  are  formed,  in  the  order  from  least  to 
greatest  difficulty,  the  practice  curve  is  as  in  Fig.  113.  If 
the  bonds  are  formed  in  the  order  from  greatest  to  least 
difficulty,  the  curve  is  as  in  Fig.  114. 

Case  II  d  a. 

Assume  Case  II  d,  except  that,  as  in  Case  I  a,  each  equal 
fraction  of  time  spent  at  maximum  power  upon  any  bond  is, 
until  the  bond  is  completely  formed,  equally  effective  upon 
the  score.  Then  if  the  bonds  are  formed  in  the  order  from 
least  to  greatest  difficulty  the  practice  curve  is  as  in  Fig.  115. 
If  the  order  is  the  reverse,  the  curve  is  as  in  Fig.  116. 


0  8t  I6t  i4l  3lt  40t  48t  S5t  Mt 

Fig.    115.      Case    Ilda:    Bonds    Formed    in    Order    from    the    Easiest    to    the    Hardest. 

(See  text.) 


So  far  we  have  seen  that,  assuming  the  bonds  to  be  of 
equal  effect  on  the  score,  and  assuming  equal  power  to  learn 
at  all  times  in  the  learner,  the  form  of  the  practice  curve  is  a 
result  of  the  number  of  bonds,  of  their  case  of  formation,  and 
of  their  order  of  formation.  The  number  determines  the 
limit  of  efficiency;  the  ease  and  order  of  formation  determine 
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the  curv^e  by  which  it  is  reached.  In  all  the  cases  so  far 
used,  'equal'  or  'steady'  or  'even'  power  to  improve  in  the 
function  could  replace  'maximum'  power,  and  the  elimination 
of  injurious  bonds  could  replace  in  whole  or  in  part  the 
formation  of  positive  ones,  without  changing  the  general  effect. 
Also,  differences  in  ease  of  learning  could  be  used  in  the 
sense  that  two  bonds  or  four  bonds  could  be  formed  simul- 
taneously in  say  i  t,  as  well  as  in  the  sense  of  their  being 
formed  separately  each  in  half  of  t  or  one  fourth  of  t.  These 
possible  replacements  will  hold  good  also  of  all  that  follows 
in  this  chapter. 


Case    Ilda:    Bonds    Formed    in    Order    from    the    Hardest   to    the    Easiest. 
(See  text.) 


Now  the  result  of  a  greater  effect  of  a  bond  upon  the 
score,  with  equal  ease  of  formation,  is  the  same  as  that  of 
greater  ease  in  formation  with  equal  effect  on  the  score.  The 
ease  of  formation  being  kept  equal,  and  differences  in  effect 
on  the  score  being  taken,  we  should  get,  for  each  order  of 
formation  of  bonds,  a  practice  curve  of  a  given  form.  If 
the  more  potent  bonds   were  learned  early,   there  would  be 
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negative  acceleration  in  the  rate  of  improvement ;  if  the  least 
potent  bonds  were  learned  early,  the  reverse;  and  so  on  for 
all  the  possible  orders.  If  the  bonds  differ  in  both  ease  of 
formation  and  effect  on  the  score,  we  have  nnly  to  estimate  the 
net  effect  on  the  score  of  a  unit  of  time  spent  on  each  bond, 
and  then  to  determine  the  curve  from  the  order  of  formation 
of  the  bonds. 

For  example,  assume  that  there  are  8  bonds,  a,  b,  c,  d, 
etc.,  formed  in  i  ^^  2  ^,  3  /,  4  f,  6  /,  8  t,  12  t,  and  16  t, 
respectively,  and  having,  as  effects  on  the  score,  40,  20,  10, 
8,  2,  4,  6  and  24,  respectively.  Then  the  effect  of  i  f  on 
the  score  is  40  if  spent  on  bond  a,  10  if  spent  on  bond  b, 
3^  if  spent  on  bond  c,  2  if  spent  on  d,  Yz  if  spent  on  e, 
3/2  if  spent  on  f,  ^  if  spent  on  g,  and  lY  ii  spent  on  h.  Then 
each  successive  t  of  the  practice  can  have  its  effect  calculated 
provided  the  order  of   formation  of  the  bonds  is  known. 

By  differences  in  the  individual's  general  power  to  im- 
prove the  function  are  meant  of  course  differences  in  the 
time  taken  to  form  bonds  which,  were  the  individual  in  just 
the  same  state,  would  take  him  equal  times  to  form.  A  drop 
in  the  individual's  power  to  learn  during  any  given  time,  of 
course,  lowers  the  practice  curve  over  that  interval  of  time. 
If,   say,  by  a  progressive   decay   of  interest,*   the  power  to 

*  Book  has  called  attention  to  the  effect  of  progressive  decay  in 
devotion  to  the  work,  believing  that  it  accounts  for  part  of  the  negative 
acceleration  found  in  learning  a  complex  process.  He  says:  "Still  a 
third  factor  [in  determining  the  general  form  of  the  learning  curve  for 
any  complex  process  like  typewriting],  and  one  very  important  for 
learning,  is  to  be  found  in  the  relation  of  these  nearly  automatic 
processes  to  attention.  These  processes  need  a  minimum  of  oversight 
for  a  very  long  time  even  after  they  seem  completely  self-regulative. 
In  other  words  habits  are  perfected  or  sink  to  the  realm  of  the  un- 
conscious very  gradually.  If  we  might  speak  of  their  final  perfection 
or  dropping  out  of  consciousness  as  dying,  they  die  hard.  At  the  same 
time  they  have  become  extremely  hard  to  hold  in  attention  because  they 
are  so  nearly  automatic.  In  the  early  stages  of  their  development  where 
many  pdaptatinns  and  short-cuts  in  method  were  possible,  they  more 
naturally  compelled  attention  because  progress  was  rapid  and  easy.  Later 
when  most  short-cuts  have  been  made,  when  advancement  depends  upon 
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learn  was,  in  successive  times,  as  i.o,  .9,  .8,  .7,  .6,  .5,  .4,  .3, 
then,  in  Case  T,  if  (6)  is  replaced  by  this  progressive  decay 
in  general  power  to  learn,  we  should  have,  instead  of  Fig. 
117,*  Fig.  118.  If,  by  a  progressive  improvement  in  health 
or  increase  in  interest,  the  power  to  learn  was  in  successive 
times  I.,  1. 1,  1.2,  1.3.  1.4,  1.5,  1.6,  1.7,  we  should  have,  the 
other  conditions  b-eing  left  unchanged,  Fig.  119. 


x+nKp 

X+7K 

X+5K 
Xt4K 
X1-3K 
Xi-IK 
XtK. 
X 


Fig.    117.       Tht    Influence    of    Unchanging    Power    to    Learn.       (See    text.) 


the  perfection  of  the  associations  already  formed,  and  when  progress 
is  slow  and  the  chances  for  gain  reduced  to  a  minimum,  attention  tend.^ 
naturally  to  drift  to  other  things,  making  those  stages  in  the  learning 
where  a  particular  association  or  group  of  special  associations  is  being 
finally  perfected  distinctly  "critical"  in  nature.  The  full  significance  of 
this  fact  for  learning  will  be  discussed  later,  but  it  may  be  remarked 
in  passing,  that  the  help  of  a  skillful  teacher  is  especially  needed  at  these 
"critical  stages."  (i)  To  encourage  the  faint-hearted  learner;  (2)  to 
see  that  he  attends  to  all  details  until  they  are  mastered."     [Book,  '08, 

P-  99l 

*  Which  repeats  Fig.   104,  of  page  263. 
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0  It  2t  3t;  4t  5t  ..t  7t  St 

Fig.   ii8.     The  Influence  of  Decreasing  Power  to  Learn.     (See  text) 


0  It  2t  3t  At  St  6t  7t  8t 

Fig.   119.     The  Influence  of   Increasing  Power  to  Learn.     (See  text.) 
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So  far  it  has  l)eeii  assumed  that  the  ease  of  formation 
and  effect  on  the  score  of  the  bonds  are  independent  of  the 
Order  in  which  the  bonds  are  formed.  The  third  assumption 
of  Case  I  has  been  left  unchanged  in  ah  later  cases. 

In  actual  practice  both  the  time  taken  to  form  a  lx)nd 
and  its  effect  on  the  score  may  depend  on  what  bonds  have 
previously  been  formed.  The  resulting  complications  in  the 
curve  of  practice  could  be  calculated  for  any  defined  effect  of 
the  previous  total  or  partial  formation  of  any  one  bond  or 
combination  of  bonds  upon  the  rest.  The  complications  are, 
of  course,  very,  very  numerous.  Thus,  even  the  compara- 
tively very  simple  supposition  that  the  time  of  formation  of  a 
bond  is  reduced  by  one  fourth  by  each  bond  already  formed, 
for  the  very  simple  case  of  four  bonds,  a,  b,  c  and  d,  gives  us 
four  times  of  formation  for  each  of  the  bonds,  so  that  if  we 
assume  the  bonds  to  have  original  difficulties  of  formation 
(i.  e.,  times  required)  of  4,  8,  12,  and  i6,  we  get  times  of 
formation  of  4,  6,  6,  4;  4,  6,  8,  3;  4,  9,  4,  4;  etc.,  through 
twenty-four  different  sequences  according  to  the  different 
orders  of  formation  of  these  bonds. 

So  far,  also,  it  has  been  assumed  that  the  effect  of  any 
bond  on  the  score  appears  in  its  totality  as  soon  as  the  bond 
has  Ijeen  formed  (or,  in  the  (a)  cases,  that  each  fraction  of 
its  eft'ect  appears  as  soon  as  that  fraction  of  its  formation 
has  been  completed).  But  in  real  practice  it  may  often  occur 
that  the  full  effect  of  a  bond's  formation  on  the  score  appears 
only  after  later  bonds  have  been  formed.  That  is,  just  as 
pre^'iously  formed  bonds  may  give  an  ensuing  bond  a  greater 
effect  than  it  would  otherwise  have  had,  so  sequent  bonds  may 
enhance  the  effect  on  the  score  of  those  already  formed.  This 
effect  of  bond  b  on  a  preceding  bond  a  could  not,  on  its 
appearance,  be  distinguished  in  the  gross  result  from  an  in- 
creased potency  of  b  due  to  the  preformation  of  a;  but  if  b 
could  itself,  still  later,  be  lost  without  the  enhancement  of  a 
being  lost,  the  difference  between  the  two  relations  would 
appear. 
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So  far,  save  in  the  last  sentence,  it  has  been  assumed  that 
after  a  bond  is  formed  it  retains  throughout  practice  its  full 
potency  and  requires,  thereafter,  zero  time.  But  in  fact  some 
of  the  learner's  time  may  be,  and  usually  is,  required  to  keep 
the  bond  at  the  condition  attained ;  and  some  of  the  learner's 
time  may  be  expended  in  exercising  that  bond  to  an  extent 
not  required  to  keep  it  at  the  condition  attained — that  is,  in 
over-learning  it.  We  may  best  consider  the  effects  of  time- 
requirement  for  retentiveness  and  time-waste  in  over-learn- 
ing, separately,  each  in  one  very  simple  case. 

Assume,  then  :  ( i )  that  all  the  work  is  at  equal  general 
learning  power,  (2)  that  the  function  improves  from  x  to 
its  limit  by  the  addition  of  twenty  bonds,  (3)  equal  in  ease 
of  formation,  taking  i  t  each,  and  (4)  equal  in  effect  on  the 
score,  adding  each  i  ^  to  it.  Assume  (5)  that  (3)  and  (4)  hold 
regardless  of  what  order  the  bonds  are  fonned  in,  (6)  that  only 
one  bond  is  being  formed  at  any  one  time,  but  that  (7)  each 
bond,  after  having  been  formed,  requires  }^  t  daily  to  keep 
it  at  its  full  strength,  and  (8)  that  in  the  practice,  which  is  of 
4  /  daily,  time  is  spent  on  the  older  bonds  so  far  as  is  necessary 
to  keep  them  at  their  full  formation.  Assume  (9)  that  each 
fraction  of  time  spent  on  the  formation  or  preservation  of 
a  bond  has  its  proportional  effect  on  the  score. 

Assume,  for  convenience  in  calculation,  that,  within  the 
practice  period  of  4  t,  the  loss  in  old  lx)nds  is  0.  Assume,  that 
is  to  say,  that  such  loss  occurs  only  from  the  end  of  one 
practice  period  to  the  beginning  of  the  next.     Then : 

In  period  i,  the  learner  would  form  bonds  a,  b,  c  and  d, 
rising  from  ^  -f-  o  to  x  -j-  4  k. 

In  period  2,  he  would  spend  2  /  in  preserving  a.  b,  c  and 
d,  and  form  e  and  f ,  rising  from  ,r  +  4  ^  to  x  -\-  6  k. 

In  period  3,  he  would  spend  3  /  in  preserving  a,  b,  c,  d, 
e  and  f,  and  form  g.  rising  from  x  -\-  6  k  to  ,r  +  7  ^. 

In  period  4.  he  would  spend  35/^  t  in  preserving  a  to  g, 
and  half  form  h,  rising  from  ^r  -|-  7  Ar  to  .r  -f  7^/^  k. 
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In  period  5,  he  would  spend  3^  /  in  preserving  a  to  g 
and  the  half  of  h  formed  or,  if  we  assume  no  loss  by  disuse 
until  the  bond  is  fully  formed,  would  spend  3^^  t  as  before  on 
a  to  g.  Choosing  the  former  alternative*  he  learns  34  more 
of  h,  rising  from  ,r  +  yyj  k  to  .r  +  yi/^  k. 

In  period  6.  he  would  spend  3%  /  in  preserving  a  to  g 
and  the  three-fourths  of  h,  and  would  form  one-eighth  more 
of  h,  rising  from  x  +  7^  k  to  .r  +  7l4>  k.  So  on  he  would 
go,  approaching  .r  +  8 /?  as  a  limit,  as  shown  in  Fig.    120. 


\        \        ^        \ L 


0         4.t         6t         i2t         ibt       2ot       24*1        2at     et:. 

Fig.    120.     The   Influence  of  Relearning  or  of   Overleaming.      (See   text.) 

Here  we  see  Case  I  a,  with  a  perfectly  straight  slope  of 
the  curve  from  o  to  the  limit,  turning  into  a  case  of  pronounced 
negative  acceleration,  as  the  consequence  of  the  expenditure 
of  time  in  keq)ing  up  bonds  after  they  are  formed.  And, 
in  general,  we  see  that,  no  matter  how  slowly  bonds  are 
weakened  by  disuse  and  no  matter  how  time  is  distributed 
over  retention  of  old  and  formation  of  new.  the  effect  of  the 

*  If  we  choose  the  latter,  he  learns  in  periovi  5  the  other  half  of  h 
and  rises  from  A'-f-//^^"  to  ,r-}-<*^'^'- 

In  period  6  he  would  spend  the  entire  4  t  in  keeping  what  bonds  he 
had,  and  could  never  rise  above  the  limit  x-{-S>k,  though  bonds  exist 
which,  if  any  one  man  could  hold  enough  of  them  while  he  formed  the 
rest,  would  rai-^e  the  score  to  x  -(-  20  k. 
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need  of  partial  relearning  will  be  to  produce  negative  accelera- 
tion. Further,  if  there  are  enough  bonds  involved  in  the 
function,  it  must,  for  the  same  reason,  tend  to  reach  a  limit  of 
efficiency.* 

Consider  now  the  effect  of  over-learning,  in  a  case  where 
all  bther  conditions  would  produce  a  straight-slant  curve. 

Assume  equality  of  general  learning  power,  equal  ease 
of  formation  of  bonds  {it  being  required  for  each),  equal 
effect  on  tlie  score  -{i  k)  regardless  of  order  of  formation, 
one  new  bond  to  be  formed  at  any  one  time,  but  one-half  a^ 
much  time  to  be  spent  in  useless-f  exercise  of  a  bond  forever 
after  it  is  formed  as  was  required  to  form  it,  fractional 
times  spent  to  count  proportionally  on  the  score.  Assume, 
that  is,  the  conditions  of  Case  i  a,  plus  this  over-learning. 
Then,  letting  each  practice  period  be  4  t,  and  the  number  of 
bonds  be  any  number  8  or  over,  we  would  find  the  follow- 
ing history : 

In  period  i,  the  learner  would  form  bonds  a,  b,  c  and  d, 
rising  in  score  from  .r  +  o  to  x  -f-  4  k. 

In  period  2,  he  would  spend  2  t  in  over-learning  or  useless 
exercise  of  a,  b,  c  and  d,  and  would  form  e  and  f.  His  score 
would  rise  from  x  -{-  4  k  to  x  -{-  6  k. 

In  period  3  he  would  spend  3  t  in  over-learning,  and  form 
bond  g. 

The  future  course  of  the  practice  curve  would  be  just 
as  in  the  case  where  half  the  time  of  formation  of  a  bond  was 
required  to  keep  it  up  to  the  mark.  And,  in  general,  over- 
learning,  in  the  sense  of  useless  exercise,  always  disposes  to- 
ward negative  acceleration  and  reaching  an  unimprovable 
limit. 

*  If  new  bonds  of  equal  potency  on  the  score  were  more  and  more 
easily  formed  as  practice  progressed,  this  tendency  might,  within  an 
individual's    life-time,   be   outweighed. 

+  Useless  for  keeping  it  up  to  its  full  effect,  that  is ;  not  necessarily 
useless  in  general.  For  the  over-learning  might  be  beneficial  apart  from 
the  score  in  the  particular  function  during  the  particular  practice  under 
consideration. 
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Relearning  and  Ovcvlcarning  are,  in  actual  practice,  re- 
lated in  an  interesting  and  important  way.  Such  useless 
exercise  of  a  bond  as  I  have  assumed,  to  make  the  illustration 
simple  and  its  influence  clear,  is  very  rare.  The  over-exercise 
beyond  what  is  needed  to  form  a  bond  is  in  actual  practice, 
up  to  a  certain  limit,  the  very  exercise  which  relearns  it  (or 
keeps  it  from  needing  to  be  relearned) — which  brings  it  back 
to  its  full  effect  (or  keeps  it  from  falling  below  it).  There 
are  more  and  less  economical  ways  of  distributing  the  time 
devoted  to  exercise  of  a  bond,  once  it  is  fully  formed,  too 
much  exercise  at  any  one  time  being  wasteful  by  building  up 
something  which  disuse  will  tear  down  before  any  advantage 
is  got  from  it;  and  too  little  being  likely  to  make  certain 
correlated  bonds  hard  to  form.  The  reader  may  well  com- 
bine the  assumptions  of  the  two  last  described  cases  in  a  case 
where  each  bond  tends  to  lose  so  much  per  day  as  a  result  of 
the  lapse  of  time;  and  to  regain  (or  to  be  kept  from  losing) 
so  much  per  unit  of  practice  time  as  a  result  of  a  defined 
amount  of  exercise  of  it  after  it  has  been  once  formed.  The 
general  effect  of  relearning  and  over-learning,  as  they  combine 
in  actual  practice,  will  be  the  same  as  the  effect  shown  for 
either  one  of  them  in  the  artificial  conditions  assumed  in  the 
illustration. 

We  have  seen  how  (i)  the  number  of  bonds,  (2  and  3) 
differences  amongst  them  in  ease  of  formation  and  in  effect 
on  the  score,  in  combination  with  the  order  in  which  they  are 
formed,  (4)  differences  in  the  individual's  general  power  to 
improve  the  function  at  different  periods  of  the  practice,  (5) 
the  relations  of  changed  ease  of  formation  or  effect  on  score 
existing  between  the  bonds  already  acquired,  or  those  to  be 
acquired,  and  any  given  bond,  (6)  the  weakening  of  bonds 
by  disuse,  and  (7)  the  useless  over-exercise  of  existing  bonds 
may  produce  changes  in  the  rate  of  improvement,  and  how 
the  kind  of  change  that  any  defined  state  of  affairs  of  any  of 
these  seven  sorts  will  produce  can  be  deduced. 

Every    one    of    these    factors    could    almost    certainly    be 
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illustrated  from  actual  human  learning.*  An  examination 
of  the  various  explanations  of  initial  rapid  rise,  negative 
acceleration,  eventual  approximation  to  zero  improvement, 
plateaus,  and  other  long-time  and  short-time  fluctuations, 
would,  in  fact,  show  one,  or  another,  or  some  combination  of 
two  or  more,  of  these  seven  facts  as  the  condition  which  the 
author  of  the  explanation  really  invoked  for  his  particular 
purpose.  Our  later  discussion  of  some  of  the  theories  of  the 
long-time  fluctuations  will  illustrate  this. 

It  would  be  possible,  theoretically,  to  take  up  these  seven 
facts  in  one  or  more  of  the  functions  whose  improvement  has 
been  studied  in  this  and  the  previous  chapters,  and  to  show, 
if  sufficiently  ingenious  experiments  could  be  devised,  just 
why  certain  specified  bonds,  with  certain  demonstrable  re- 
lations, when  formed  in  a  certain  order,  by  a  man  learning 
with  si)ecified  changes  in  learning-power,  and  with  specified 
relearning  and  over-learning,  do  result  in  a  certain  practice 
curve.  In  our  present  ignorance,  however,  analysis  is  best 
restricted  to  such  abstract  cases  as  I  have  already  used,  or 
to  very  general  features  of  concrete  cases. 

As  such  a  general  feature  I  take  the  departure  from  a 
straight-sloi^e  curve  toward  rapid  initial  rise.  The  discussion 
of  this  section  enforces  the  fact  that  the  form  of  a  practice 
curve  is  not  due  to  any  mysterious  law  of  parabolic  learning, 
but  to  the  lx)nds  involved,  the  order  in  which  they  are  learned, 
the  zeal  with  which  they  are  learned,  the  extent  to  which  they 
are  relearned  and  over-learned,  and  their  dynamic  correlations. 
The  frequency  of  negative  acceleration  is  due,  probably,  not 
only  to  forming  the  easier  and  more  potent  bonds  first,  but 

*  The  only  case  concerning  which  there  can  be  any  doubt  is  the 
case  of  a  bond,  a,  acquiring  an  increased  effect  on  the  score,  as  a  result 
of  the  later  formation  of  other  bonds,  b,  c,  etc.  Some  critics  may  prefer 
to  consider  such  cases  all  as  a  greater  power  for  b,  c,  etc.,  due  to  the 
preformation  of  a — to  consider,  for  example,  that  when  learning  physics 
seems  to  give  to  already  existing  mathematical  bonds  an  added  effect  on 
one's  score  for  general  scholarship,  it  really  is  a  case  of  the  mathematics 
adding  power  to  the  bonds  which  represent  knowledge  of  physics. 
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also  to  the  releaming  and  overlearning',  which  in  and  of 
themselves  always  make  for  negative  acceleration.  For  any 
given  negative  acceleration,  or  for  any  given  rapid  initial  rise, 
many  possible  combinations  of  causes  are  conceivable.  In 
order  to  judge  l^etter  which  of  them  are  actually  at  work  in 
causing  the  rapid  early  rises  that  do  occur,  we  may  seek  an- 
swers to  two  questions.    The  first  is  : 

What  real  forces  exist  to  make  bonds  that  are  of  equal 
effect  on  the  score,*  differ  in  ease  of  formation? 

First  of  all,  a  bond  that  is  already  partly  formed,  or  that 
was  once  fully  formed  but  has  been  partly  weakened  by  disuse, 
is  thereby  easier  to  form  than  a  totally  new  bond  of  equal 
potency  on  the  score.  Especially  important  are  the  cases  (a) 
where  a  very  slight  amendment  to  an  existing  bond  makes 
it  serve  for  the  improvement  of  the  function  under  exercise, 
and  (b)  those  where  a  bond,  to  change  from  nearly  ;^ero  to 
nearly  full  effectiveness  on  the  score,  has  only  to  be  recalled 
from  'forgetfulness'  by  a  little  exercise.  Illustrations  of  a 
are  the  use  of  the  bonds  of  reading  the  copy,  spelling  and 
recognizing  the  letters  on  the  keys,  in  the  case  of  typewriting; 
or  the  use  of  existing  bonds  of  eye-fixations  and  correlated 
hand-movements  in  learning  to  fence.  As  an  illustration  of 
b,  we  may  take  the  recall  from  their  present  condition  of  tlie 

3  7 
bonds  used   in   adding  three-figiire  combinations   like  ^  I    by 

the  reader  who  should  l^egin  practice  in  addition,  if  he 
happened  already  to  be  a  rather  efficient  adder. 

There  are,  of  course,  other  qualities  besides  partial 
formation  which  make  a  bond  easy  to  form.  The  more  like 
an  instinctive  bond  it  is,  and  the  less  annoying  its  exercise  is, 
the  better.  There  is  some  evidence  that  direct  sensori-motor 
bonds  are,  on  the  average,  easier  to  form  than  idea-idea  bonds 
of  equal  potency.  These  and  other  possibilities  need  not 
be  discussed. 

*  We    may    eliminate    the   nature    of    the    score    itself   as    a    force,    by 
supposing  it  to  be  throughout  a  just  measure  of  efficiency. 
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The  second  instructive  question  is :  What  real  forces 
exist  to  make  a  learner  form  the  easiest  bonds  of  equal  potency- 
first?  A  part  of  the  answer  has  already  been  suggested  by 
the  answer  to  the  first  question.  For  the  laws  of  habit  will 
make  the  bonds  first  set  in  operation  tend  to  be  the  bonds 
whicli  the  situations  in  question  Jiavc  already  partly  formed. 
The  first  things  a  learner  does  in  beginning  to  improve  a 
function  are  the  products  of  old  tendencies  aroused  by  the 
task.  Further,  the  variations  in  his  behavior,  so  far  as  they 
are  deliberately  made,  will  include  the  formation  of  bonds 
expected  to  be  the  easier  amongst  equally  potent  ones ;  and, 
of  the  variations  hit  upon  without  deliberation,  those  will  be 
selected  for  further  exercise  which  give  the  greatest  estimated 
effect  on  the  score  for  the  least  expenditure  of  time.  The 
learner  will,  it  is  true,  make  mistakes  in  his  planning  and 
be  misled  in  various  ways  by  the  law  of  effect  in  his  un- 
planned selection,  but  on  the  whole  his  learning  will  gravitate 
toward  the  easiest  bonds  of  equal  potency. 

It  now  becomes  clear  that  in  so  far  as  the  'beginning' 
of  practice  of  any  mental  function  means  a  beginning  with 
aid  from  many  of  the  acquisitions  already  made  in  life,  and 
from  the  instinctive  bonds  that  life  so  far  has  allowed  to 
act,  there  are  likely  to  be  existing  bonds  which  with  slight 
amendment  serve  the  'new'  function's  ends,  which  will  be 
brought  into  service  early  rather  than  late,  and  so  help  to 
produce  the  so  common  early  rapid  rise. 

We  can  now^  return  to  the  problem  of  why  the  rapid 
initial  rise  is  often  found,  regardless  of  whether  the  in- 
dividual's record  begins  at  an  early  or  a  late  stage  in  the 
specific  practice  at  producing  the  sort  of  product  in  question. 
The  answer  is  in  part  furnished  by  the  fact  of  recall  to  full 
effectiveness  of  bonds  which  disuse  has  weakened.  If,  for 
example,  the  practice  curve  for  a  certain  man  in  addition 
would  have  been  as  in  Fig.  121  for  100  successive  days, 
practice  being  for  five  minutes  daily,  we  would  expect  that  it 
would  depart  from  that  form  toward  the  form  of  Fig.   122 
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for  100  days  of  such  practice  taken  in  five  series,  of  20  days 
each,  with  intervals  of  say  40  days.  An  early  rise  in  the 
last  four  practice  curves  would  be  expected  because  old  bonds, 
made  ineffective  by  disuse,  would  be  easily  put  in  condition 


Fig.    121.      An   Imagined    Curve   of   Improvement   from   Daily   Exercise  of  a   Function. 


Fig.  122.  The  Possible  Effect  of  Four  Periods  of  Disuse  and  Recovery  therefrom 
upon  the  Curve  of  Improvement  of  Fig.  121.  Each  vertical  line  erected  upon  the 
abscissa  signifies  a  period  of  disuse. 
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again.  In  typewriting  by  the  touch  method,  indeed,  Book 
fmmd  such  a  rapid  rise  in  the  beginning  of  practice  after  even 
only  twenty-four  hours  interval.  Bair's  results  for  his  sim- 
plified learning  of  typewriting  show  the  same  facts,  the  errors 
for  work  at  a  constant  rate  being,  after  the  first  day,  often 
more  frequent  in  the  first  trial  of  a  given  day  than  in  the 
second  (and  last)  trial  of  the  previous  day.  In  the  whole 
experiment  the  four  subjects  gained  132  from  the  first  to  the 
.second  series  of  the  same  day,  and  only  i  from  the  second 
series  of  one  day  to  the  first  series  of  the  next.* 

There  is  a  second  true  cause  for  the  appearance  of  a  rapid 
rise  at  the  l>eginning  of  systematic,  ambitious  practice  of  a 
function  already  far  advanced  toward  its  limit  of  efficiency 
by  the  practice  which  ordinary  life  has  given  it.  The  cause  is 
that  the  individual  learns  to  work  at  his  maximum  power  to 
improve  the  function.  No  matter  how  much  adding  a  man 
may  have  done,  as  a  bookkeeper,  say,  he  has  probably  never 
formed  those  special  bonds  of  exclusive  and  incessant  devotion 
which  the  practice  experiment  easily  teaches.f 

LONG-TIME    FLUCTUATIONS    IN     IMPROVEMENT 

Unfortunately,  the  studies  of  practice  continued  long 
enough  to  show  long-time  fluctuations,  supposing  them  to 
exist,  are  very  few ;  and  in  each  case  have  measured  the 
improvement  for  only  a  few  indiA/^i duals.  Consequently  we 
cannot  tell  how  many  functions  would  show  long-time  fluctu- 
ations in  the  scores  for  successive  practice  periods,  or  what 
the  nature  and  amount  of  such  fluctuations  would  be.  Nor 
can  we  tell  whether,  in  any  given  function,  such  as  'receiving' 
in  telegraphy,  any  given  sort  of  fluctuation  would  be  character- 

*  The  datn   furnishing  this   result   are  to  be  found   in  Bair,   '02,   p.   17. 

+  Aschaflfenburg  ['96,  p.  612]  reports  that  a  bookkeeper,  who  had 
been  engaged  for  years  especially  with  adding,  added  in  four  consecutive 
quarter-hours  1087,  1236,  1202  and  1197  pairs,  and,  in  two  consecutive 
quarter-hours  on  the  following  day,  1531  and  1463  pairs. 
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istic  of  all,  or  nearly  all,  individuals.  The  plateau — or  long 
period  of  little  or  no  improvement  between  two  long  periods 
of  much  greater  improvement — is  the  one  fluctuation  which 
has  been  considered  as  possibly  occurring  with  all,  or  nearly 
all,  individuals  in  all,  or  nearly  all,  or  at  least  many,  functions. 

If,  however,  any  defined  length  and  starting  point  be  taken 
for  this  supposedly  general  plateau,  it  seems  very  probable 
that  it  will  be  absent  in  a  very  large  percentage  of  functions, 
and  in  a  very  large  percentage  of  individuals  in  many  of 
the  functions  where  it  df:«s  appear,  especially  if  we  re<:iuire 
that  the  score  shall  represent  efficiency  fairly.* 

A  fairly  long  period  of  fairly  slow  progress  somewhere  or 
other  will,  of  course,  be  found  oftener  in  practice  curves,  but 
even  about  these  vague,  moderate  fluctuations  not  enough  is 
known  to  tell  with  certainty  whether  they  require  any 
separate  explanation  apart  from  that  which  accounts  for  the 
minor  ups  and   downs  that  characterize  all   practice  curves. 

The  facts  and  explanations  which  have  been  offered  by 
Bryan  and  Harter,  Swift,  Book,  Ruger  and  others,  after 
study  of  the  facts  in  the  case  of  the  improvement  of  one  or 
more  special  functions,  are,  however,  worthy  of  study.  They 
are,  briefly,  as  follows: 

Bryan  and  Harter  found  a  plateau  occurring  in  the  'receiv- 
ing' curve  for  telegraphy  in  three  out  of  four  of  the  in- 
dividuals measured,  and  accepted  as  a  fact  of  learning  by  many 
of  the  telegraphers  and  teachers  of  telegraphy  whom  they 
questioned.!      It    occurs    when    a    rate    of    about    60    letters 

*  I  hesitate  to  remind  the  reader  that  a  spurious  plateau  may  appear 
because  unequal  units  of  measure  have  been  treated  as  equal,  but  the 
matter  is  important,  and  will  bear  repetition.  If  at  a  certain  point  the 
words '  to  be  copied  or  read  from  the  telegraphic  taps  grow  harder  and 
harder,  then  the  score  would  show  less,  zero,  or  negative  improvement 
in  spile  of  the  fact  that  the  learner  was  improving  and  would  have  shown 
steady  gain  if  tested  with  passages  of  the  old  degree  of  difficulty. 

On  the  other  hand,  a  real  plateau  in  efficiency  could  be  balanced 
by  a  gradation  from  harder  to  easier  units. 

t  These  reports  were,  I  judge,  influenced  more  or  less  by  the  sug- 
gestions of  th<:f  questionnaire  to  which  they  were  replies. 
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per  minute  is  reached.  (See  Figs.  27  to  29  on  pages  86 
and  88).  They  explain  it  by  the  very  slow  growth  of  the 
bonds  for  letters  and  for  words,  and  the  inability  of  the  bonds 
for  combinations  of  words  to  be  formed  until  the  bonds  with 
letters  and  with  words  have  become  so  automatic  in  action  as 
to  leave  the  learner's  attention  free.  The  plateau  is  then  a 
period  of  real  but  hidden  progress.  (See  pages  91  to  98  for 
their  explanation  in  full.)  Their  explanation  is  essentially 
a  case  of  the  correlation  between  bonds  described  on  page  275. 
Certain  features  of  bonds,  of  small  effect  on  the  score  at  the 
time  of  their  acquisition,  have  to  be  acquired  to  allow  the 
formation  later  of  bonds  of  large  effect  on  the  score. 
Whatever  be  the  fact  for  telegraphic  receiving,  it  certainly 
is  the  case  that  a  period  of  real  progress,  not  shown  in  the 
score  at  the  time,  may  occur  in  practice,  by  reason  of  the 
formation  during  that  time  of  bonds  of  zero  or  little  direct 
effect  on  the  score,  but  of  indirect  potency  as  the  necessary 
preparatives  for  later  bonds,  not  possible  of  formation  until 
these  earlier  bonds  are  formed.  The  most  obvious  case  is  the 
cessation  of  all  active  exercise  of  a  function  to  spend  hours 
in  planning  its  future  course.  From  beginning  to  end  of  these 
hours  of  reflective  planning,  there  is  zero  or  negative  improve- 
ment in  the  score,  but  the  time  so  spent  may  be  productive 
to  a  very  high  degree  by  making  possible  the  formation  of 
certain  bonds  or  enhancing  their  effect  on  the  score,  when  they 
are  formed. 

Swift  found  no  long  plateaus  in  the  case  of  his  six  sub- 
jects in  tossing  balls ;  nothing  worthy  of  the  name  in  his  own 
learning  to  typewrite ;  and  nothing  that  could  not  conceivably 
be  explained  by  the  nature  of  the  score,  in  his  experiment  with 
learning  to  translate  Russian.  He  believes,  however,  in  the 
frequency  and  importance  of  such  long  periods  of  slow  im- 
provement, saying,  for  instance,  that : 

"The  real  advance  in  the  early  stages  of  learning  is  made 
during  the  periods  of  seeming  arrest  of  progress.  The 
manifest  advance,  that  which  is  revealed  by  the  curve  or  by 
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examination  marks,  which  is  the  same  thing,  is  discourag- 
ingly  brief.  By  far  the  greater  part  of  the  learning  period 
is  spent  on  plateaus  when  both  teacher  and  pupil,  failing  to 
understand  the  situation,  feel  that  they  are  marking  time. 
Yet  it  is  during  these  days  of  retardation  that  the  valuable 
and  solid  acquisitions  are  being  made.  Americans  who  spend 
several  years  in  Germany  pass  through  a  long  period  of 
discouragement.  Though  they  study  the  language  faithfully, 
and  avail  themselves  of  every  opportunity  to  practice  con- 
versation, they  seem  to  make  a1>solutely  no  progress.  The 
length  of  this  plateau-period  varies  with  different  persons, 
but  all  experience  its  oppressiveness.  Now  the  most  curious 
feature  of  this  plateau,  aside  from  its  overpowering  monotony, 
is  the  suddenness  with  which  it  finally  disappears.  Several 
have  told  the  writer  that  they  went  to  sleep  one  night  unable 
to  understand  anything,  as  it  seemed  to  them,  and  utterlv 
discouraged,  and  awoke  the  following  morning  to  find  that 
they  had  mastered  the  language,  that  the}^  could  understand 
practically  everything  that  was  said  to  them.  The  word 
associations  and  national  peculiarities  of  thought  secjuence  had 
been  automatized  during  the  long  period  when  no  visible 
progress  was  being  made."     ['06.  p.  310  f.] 

He  also  believes  with  Bryan  and  Harter  that  they  are 
periods  of  the  perfection  of  bonds  that  produce  their  effect 
on  the  score  only  through  later  bonds.  "These  periods  of 
retardation  are  the  time  when  the  real  progress  is  ])eing  made. 
Relations  between  details  are  being  worked  out.  and  the 
associations  growing  out  of  the  process  are  l^ecoming  auto- 
matized. These  are  the  crucial  da)-s  in  the  work,  and  any 
attempt  to  shorten  the  process  artificially  is  almost  certain 
to  bring  disaster.  In  learning,  as  in  development  generallv. 
one  period  grows  out  of  another,  and  the  success  of  later 
associations  and  automatizations  depends  upon  the  accuracy 
and  effecti\'e  force  of  those  that  were  formed  before."  ['08. 
p.  217]  He  also  notes  that  a  plateau  may  he  unduly  prolonged 
by  a  waning  of  interest.  "Though  the  feeling  of  monotony 
does  not  cause  this  arrest  of  progress,  it  doubtless  tends  to 
prolong  it."     ['08.  p.  212] 

Book  found  plateaus  in  two  out  of  three  of  his  subjects 
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who  practiced  typewriting  long  enough  to  reach  the  stage 
where  the  plateau  occurs  when  it  does  occur.  Reasoning 
largely  from  his  observations  of  learning  in  the  case  of  type- 
writing, he  wisely  denies  the  universal  necessity  of  long 
practice  ineffective  on  the  score,  as  a  preparation  for  the 
upper  ranges  of  improvement.  For,  in  typewriting,  there  is 
no  evidence  that  the  bonds  with  words  and  word-groups  are 
not  adequately  prepared  for  by  bonds  which  all  do  have  effects 
on  the  score;  and  none  that  a  very  slow  approach  to  a 
saturation  point  of  preparation  is  necessary  before  these  higher 
order  habits  can  themselves  be,  one  by  one  and  partially, 
effective  on  the  score.  He  thinks  rather  that  wise  practice 
with  full  zeal  will  at  any  point  produce  an  effect  on  the  score, 
and  that  consequently  the  plateaus,  when  they  occurred,  were 
due  to  'critical  stages'  in  the  function.  By  these  he  means 
stages  where  bonds  harder  to  fonn  than  those  earlier  or  later 
had  to  be  formed,  and  where  there  were  waning  of  devotion 
and  unwisdom  in  practice — that  is.  the  misguided  formation 
of  bonds  counting  little  or  even  negatively  toward  the  im- 
provement. 

The  causes  of  the  plateau,  if  it  occurs,  are  then,  according 
to  Book,  (i)  the  attainment  of  a  'critical  stage'  in  learning 
'where  lapses  in  attention  and  effort  occur,'  and  (2)  'practice 
in  error'  or  the  formation  of  bonds  counting  zero  or  negatively 
toward  improvement. 

"At  these  'critical  stages'  one  of  three  things  will  occur: 
"i.  The  learner  may  be  caught  unawares  by  the  lapse 
in  attention  and  effort  and  continue  to  work  as  carefully 
as  usual,  but  more  and  more  lazily  until  a  habit  of  working 
lazily  is  fastened  upon  him.  In  this  case  there  will  be  further 
perfection  of  the  habits  involved  in  the  writing  at  that  stage, 
provided  mistakes  are  avoided.  But  the  learner  fails  to  push 
liimself  on  to  a  higher  plane  of  writing  and  continues  to  work 
lazily  rmtil  his  interest  in  the  work  has  been  permanently 
dulled  by  the  almost  imperceptible  improvement. 

"2.  There  is  more  apt  to  go  with  the  lapse  in  spontaneous 
attention  and  effort  a  growing  carelessness  and  indifference 
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towards  the  work,  which,  when  later  the  lack  of  improvement 
brings  a  spur  to  energy,  leads  to  a  reckless  application  of 
attention  and  effort  and  to  practice  in  error  with  a  consequent 
'breakdown'  in  the  learning.  The  learner  rashly  tries  to  make 
up  for  the  lapse  in  spontaneous  attention  by  greater  effort, 
but  neglects  to  give  careful  attention  to  the  details,  which  only 
prolongs  his  plateau. 

"3.  The  learner  may  successfully  deal  with  the  special 
difficulties  which  the  case  presents,  conquer  every  tendency 
to  lag  by  the  application  of  vigorous  and  well  directed 
voluntary  effort,  and  so  carefully  control  his  attention  that  the 
'critical  stage'  will  be  passed  without  a  break  in  the  con- 
tinuity of  his  progress."     [Book,  '08,  p.   147  f.] 

"It  appears,  therefore,  that  the  plateaus  in  our  curves  do 
not  represent  periods  of  incubation,  where  certain  elementary 
habits  make  substantial  gains,  preparatory  to  their  organi- 
zation into  higher-order  habits,  they  are:  (a)  Resting  places 
in  the  learner's  interest  and  effort;  or  (b)  'breakdown'  stages 
caused  by  excessive  effort  wrongly  applied.  They  represent 
either  a  failure  in  attention  and  effort,  naturally  produced  by 
the  nature  of  the  learning,  or  a  period  during  which  attention 
and  effort  are  wrongly  applied,  where  mistakes  are  miultiplied 
and  where  subsequently  the  evil  effects  of  practice  in  error 
are  being  slowly  overcome  and  right  habits  of  attention  and 
execution  regained.  They  appear  at  those  stages  in  the 
learning  where  difficulties  are  unsuccessfully  met,  and  were 
regularly  accompanied  by  unpleasant  feelings,  an  attitude  of 
carelessness,  growing  disgust  with  the  work,  all  of  which 
tended  to  further  restrict  or  inhibit  the  development  of  the 
associations  to  be  formed."*      [Book,  '08,  p.   157] 

It  is  obvious  that  either  a  temporary  weakening  of  devotion 
or  a  temporary  misapplication  of  the  practice-time  must  pro- 
duce,  unless   counteracted,  a   fluctuation  toward  zero  in  the 

*  Johnson  ['98,  p.  83]  attributes  the  plateaus  to  a  wilful  relaxation 
of  effort.  "The  'plateaus'  mentioned  by  Bryan  in  the  habit  curve  would 
seem  rather  to  indicate  resting  periods  in  the  effort.  If  the  subject  can 
be  induced  to  sustain  the  same  effort  day  by  day,  there  would  be  no 
'plateaus'  in  the  habit  curve."  This  ej^planation  is,  however,  almost 
certainly  superficial,  if  not  altogether  false.  Sincere  and  devoted  effort 
after  constancy  of  maximum  effort  almost  certainly  occurred  in  the  work 
of  Book,  Rejall  and  many  of  Ruger's  subjects,  but  without  freeing  their 
learning  from  approximations  to  full  'plateau'  effects. 

19 
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rate  of  improvement;  and  that  in  learning  in  general  some 
fluctuations  are  so  caused.  I  judge  that  Book  would  not 
assert  that  all  long-time  fluctuations  toward  zero  improvement 
are  so  caused. 

Ruger  has  called  attention  to  the  production  of  both  long- 
and  short-time  fluctuations  toward  zero  improvement  by  the 
alternating  exercise  of  mutually  exclusive  or  antagonistic 
bonds  ("shifting  back  and  forth  between  rival  methods")  ; 
by  the  work  of  forming  bonds  specially  hard  to  form 
("Plateaus  .  .  .  occurred  .  .  .  where  some  feature  remained 
intractable  to  control")  ;  and  by  the  failure  to  form  r>ecessary 
bonds  ("Plateaus  .  .  .  occurred  where  a  single  method  had 
become  well  established  which  was  not  the  most  efficient  one 
for  the  situation").     ['10,  p.  20] 

These  three  sorts  of  causation  all  probably  find  illustrations 
in  the  actual  learning  of  life,  as  well  as  in  the  experimental 
practice  in  solving  puzzles  where  Ruger  noted  them.  A  person 
who  shifted  back  and  forth  between  regular  adding  and 
simultaneous  two-column  adding  would  probably,  by  reason 
of  hesitations  and  distractions,  improve  less  for  the  time 
being  than  if  he  stuck  to  either  one.  Forming  specially 
hard  bonds,  and  failing  to  form  a  bond  specially  effective 
on  the  score,  must  of  course  produce,  if  not  counteracted,  a 
fluctuation  toward  zero  improvement;  specially  hard  bonds 
and  neglected  opportunities  to  form  very  desirable  bonds  cer- 
tainly occur  in  learning  school  subjects,  trades,  and  profes- 
sions. 

It  is  well  not  to  trust  implicitly  any  ex  post  facto  explan- 
ations of  any  plateau  or  other  long-time  fluctuation.  For  any 
given  long-time  fluctuation,  a  practical  infinity  of  combinations 
of  harder  or  easier  bonds  than  before  and  after,  of  greater 
or  less  potency  of  bonds  than  before  or  after,  of  greater  or  less 
interest  in  the  learner  than  before  or  after,  of  more  or  less 
over-learning  than  before  or  after,  of  peculiar  relations  between 
the  bonds  then  being  formed  to  those  formed  before  or  after, 
could  be  arranged  that  would  produce  just  that  fluctuation. 
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The  author  of  any  explanation  should  therefore  plan  an 
experiment  in  which  just  the  particular  condition  that  he 
regards  as  the  cause  of  the  plateau  is  brought  into  action  at 
a  certain  time  at  a  certain  intensity,  and  then  withdrawn  at 
a  defined  time.  This  should  be  done  also  with  varying  in- 
tensities of  the  condition.  Until  it  is  proved  that  an  ex- 
planation enables  one  to  prophesy  rather  exactly  what  the 
change  in  the  rate  of  improvement  under  controlled  con- 
ditions will  be,  a  certain  skepticism  is  justifiable.  Against 
one  exclusive  sort  of  causation,  the  probability  that  any  one 
of  the  causes  listed  alx)ve  may,  in  some  individuals  in  some 
functions,  produce  a  long-time  fluctuation  toward  zero  im- 
provement, is  strong. 

SHORT-TIME    FLUCTUATIONS    IN    IMPROVEMENT 

Certain  theorizers,  o]:-ser\ing  the  ups  and  downs  in  curves 
of  learning,  have  fancied  that  these  contained  evidence  of  a 
general  law  of  improvement  by  fits  and  starts — that  practice 
curves  followed  a  general  stair-case  pattern  of  sharp  ascents, 
alternating  with  short  plateaus  or  resting  periods.  There 
seems  to  be  no  real  support  for  such  a  doctrine. 

Such  a  stair-case  apj^carancc  will,  of  course,  occur  when 
scoring  is  by  very  large  units.  By  scoring  efficiency  in 
addition  by  the  number  of  columns  (each  of  20  digits)  added 
instead  of  by  the  numl)er  of  digits  added,  the  facts  of  Fig.  123 
would  appear  as  those  of  Fig.  124. 

Also,  a  perfectly  hai)-hazard  set  of  fluctuations  of  general 
upward  trend  can  be  made  into  an  approximation  to  a  stair- 
case progress  by  selection  with  that  end  in  view.  For  example, 
take  two -f  lo's,  two  +  8's,  three -f- 7's,  five  +  ^)'s.  seven + 
5's.  ten  +  4's,  ten -[- 3's,  seven -f- 2 's,  five -f-  I's,  three  +  o's, 
two —  i's,  and  two  —  3's.  Shufile  them  at  random  and  draw 
a  curve,  making  the  improvement,  period  by  period,  follow  the 
results  of  this  random  drawing.  Do  this,  say.  .ten  times. 
Then  assume  that  really  progress  comes  by  alternate  jumps 
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Fig.     123.       Improvement    in    a    Function,    Scored    by    Units     (c. 
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Fig.    124.      The    Same   Improvement    as    in    Fig.    123,   but   Scored   Only    by    Twentio« 
(e.   g.,    Columns  Added),    Giving  the   Appearance  of  a   'Stair-Case.' 
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and  rests,  and  you  will  find  it  very  easy  to  divide  up  the 
majority  of  the  ten  curves  into  periods  of  progress  and  periods 
of  rest,  if  you  wish  to.  Such  reading  of  a  stair-case  progress 
into  what  is  really  a  series  of  random  ups  and  downs  is,  I 
fear,  the  main  foundation  of  the  general  law  of  progress  by 
fits  and  starts. 

It  is,  of  course,  true  that  if  the  steps  of  the  stair-case  are 
made  short  and  narrow  enough,  progress  is  by  fits  and  starts. 
Irreducible  atoms  of  improvement  are  reached  somewhere, 
such  that  an  atom  of  improvement  or  loss  has  to  be  in  integral 
multiples  of  something.  But  the  staircase  effect  due  to  these 
atoms  of  improvement  is  far  too  minute  to  ever  appear  in  any 
score  that  anyone  has  ever  made  of  the  changing  efficiency 
of  any  mental  function. 

Far  from  showing  the  action  of  any  one  regular  law  of 
irregularity  in  improvement,  the  majority  of  these  minor 
fluctuations  from  period  to  period  show  that  very  many  causes, 
most  of  them  of  small  effect  singly,  are  at  work  in  determin- 
ing efficiency.  When  many  of  the  favorable  ones  and  few 
of  the  unfavorable  ones  of  these  happen  at  one  time,  there  is 
a  large  rise  in  efficiency ;  when  few  of  the  favorable  ones  and 
many  of  the  unfavorable  ones  happen  at  one  time,  there  is  a 
large  drop. 

Among  the  causes  of  possibly  large  effect  are  hitting  upon 
an  important  advantageous  method  of  work,  making  a  notable 
blunder  in  method,  becoming  irritated  by  some  mistake,  com- 
ing to  some  special  difficulty,  semi-illness,  and  the  like.  In 
most  of  the  cases  of  actual  learning  where  very  large  short- 
time  fluctuations  have  been  recorded,  there  is  also  the  pos- 
sibility of  unevenness  in  the  units  scored  as  equal.  Swift's 
arrangements  for  the  material  to  be  typewritten,  written  in 
short-hand  and  translated  from  Russian,  for  example,  were 
such  as  allowed  great  unevenness  of  this  sort.  This  fact  he 
recognizes,  but  it  is  doubtful  if  he  allows  sufficiently  for  it 
when  he  argues  for  the  staircase  theory.  His  statement  that: 
"As  in  the  single  automatizations,  so  also  in  the  general  for- 
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ward  movement,  progress  is  never  steady,  but  always  by  leaps 
preceded  by  longer  or  shorter  periods  of  apparent  cessation 
of  progress.  .  .  .  The  learning  process  is  one  of  great  irregu- 
larity" ['06,  p.  307  and  p.  311].  seems  to  nie  exaggerated 
^rom  any  point  of  view,  and  definitely  false  if  applied  to  the 
learning  of  material  of  equal  intrinsic  difficulty  by  a  man  in 
the  same  condition  of  fitness  to  learn. 

The  variations  in  efficiency  and  in  apparent  progress 
within  a  single  practice  period  have  l}een  hut  little  studied, 
but  are  real  and  large.     Book  says  of  typewriting : 

"There  were  good  days,  and  good  periods  within  a  single 
test  when  every  part  of  the  work  went  easily  and  well,  other 
days  and  periods  when  every  part  of  the  work  had  to  be 
forced.  It  was  found,  for  example,  that  a  touch  writer  when 
writing  copy  of  approximately  the  same  degree  of  difficulty, 
made  during  certain  minutes  of  a  test  from  two  to  two  and 
a  half  times  as  many  strokes  on  the  machine  as  in  other 
minutes  of  the  same  test,  and  this  when  trying  to  write  at  a 
maximum  rate  throughout."     ['08,  p.  69] 

A  similar  variability  is  found  in  even  so  simple  a  function 
as  adding  a  column  of  one-place  numbers.  For  example,  the 
number  of  additions  in  each  successive  five  minutes  of  an  hour 
on  each  of  seven  days,  in  the  case  of  Miesemer,  were  as  shown 
in  Table  28.    From  one  five  minutes  to  the  next  of  the  same 

Table  28 

VARIABILITY  WITHIN  siNGLE-rRACTirE  PERIODS  (after  Miesemcr  '02,  p. 
378).  Number  of  Additions  in  Each  Successive  Five  Minutes  of  Practice 
in  Each  of  Seven   Practice   Periods  of  One  Hour. 

Practice 

Period  Minutes 


207   174  189   186  195   195   182   171    164   167   160   181 


II 

212 

211 

220 

210 

200 

187 

1S6 

206 

204 

178 

208 

163 

III 

261 

201 

188 

202 

198 

194 

192 

178 

186 

182 

202 

218 

TV 

219 

208 

209 

204 

215 

194 

186 

190 

197 

179 

183 

215 

V 

215 

213 

193 

195 

197 

183 

181 

163 

191 

175 

181 

217 

VI 

158 

160 

170 

158 

148 

T9.3 

182 

168 

167 

198 

157 

171 

VII 

104 

158 

188 

U7 

165 

175 

172 

202 

169 

183 

156 

169 
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hour,  drops  of  from  207  to  174,  204  to  178,  208  to  163.  261 
to  201,  198  to  157,  and  202  to  169  occur;  and  rises  from  160 
to  181,  178  to  208,  182  to  202,  183  to  215,  163  to  191,  181 
to  217,  148  to  193,  167  to  198,  104  to  158,  158  to  188,  and 
172  to  202. 

THE     PROPER    REPRESENTATIVES    OF     THE    AMOUNT    OF     PRAC- 
TICE OF  A  MENTAL  FUNCTION  AND  OF  THE  EFFICIENCY 
REACHED    AT    ANY    STAGE    OF    PRACTICE 

In  comparing  the  rate  of  gain  in  a  function  at  different 
stages  of  practice,  I  have  throughout  used  as  rate,  the  gain 
per  unit  of  time  dci^oted  to  learning.  Equal  improvements 
made  in  equal  times  are  thus  called  equal  rates  of  gain.  This 
procedure  has.  I  presume,  justified  itself  to  the  reader,  but 
I  add  here  the  comment  promised  on  page  235. 

First  of  all.  it  should  be  noted  that  all  the  general  argu- 
ments and  principles  of  this  chapter  hold  good  for  any 
rational  definition  of  rate  of  gain.  Nothing  save  matters  of 
phrasing  would  need  to  be  changed.  In  the  second  place, 
it  should  be  noted  that  the  most  justifiable  alternative  to 
equating  amounts  of  practice  by  time  is  their  equating  by 
amount  of  product  produced;  and  that  if  time  is  superior  to 
work  done  as  a  representative  of  the  length  of  practice,  it 
is  still  more  superior  to  any  other  proposed  basis  for  compar- 
ing rates  of  gain. 

It  has  already  been  suggested  that,  even  in  such  cases  as 
addition,  substitution  tests,  typewriting  and  telegraphy,  the 
time  spent  has  the  advantages  of  simplicity,  uniformity,  in- 
telligibility, and  comparability.  Hours  and  minutes  are  easier 
terms  to  think  in  than  one-place  numbers  added,  letters  trans- 
lated or  strokes  made.  The)'  are  the  same  for  all  functions 
and  all  learners,  regardless  of  the  language,  apparatus,  in- 
structions and  the  like,  which  define  the  practice.  We  know 
absolutely  what  we  mean  by  a  minute,  whereas  a  word  or  a 
stroke    in    typewriting    has    to    be    carefully    defined,    and    a 
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number  added  means  one  thing  if  the  I's  and  o's  are  left 
in — another  if  they  are  left  out.  Time  enables  us  to  compare 
functions  in  so  far  as  they  are  comparable  at  all. 

It  is  also  the  case  that  in  practical  arrangements  for  learn- 
ing in  schools  and  trades  we  plan  the  work  to  fill  a  certain 
defined  time — 'a  twenty-five  hour  school  week  plus  10  hours 
of  home  work,'  and  the  like.  Consequently  there  is  a  certain 
advantage  in  thinking  of  amount  of  study  in  terms  of  time.* 

There  are  two  notable  defects  of  the  use  of  equal  products 
produced  as  equal  units  of  amounts  of  study.  The  first  is 
that,  speaking  roughly,  they  do  not  take  account  of  the 
elimination  of  wrong  bonds,  but  only  of  the  number  of  times 
the  desirable  bond  is  exercised.  Now  in  learning  to  typewrite, 
skate,  dance,  play  golf,  write  acceptable  English,  solve  arith- 
metical problems  and  the  majority  of  the  intellectual  and 
moral  functions,  the  elimination  of  undesirable  bonds  plays 
an  important  part.  The  second  is  that,  roughly  speaking, 
they  do  not  take  account  of  the  formation  of  preparatory  or 
ancillary  bonds — bonds  that  do  not  themselves  count  directly 
in  the  product  produced,  but  do  count  indirectly  by  their 
relations  to  other  bonds. 

Next  in  order  belongs  a  defense  of  my  consistent  avoid- 
ance of  comparing  the  gains  in  efficiency,  made  during  equal 

*  This  does  not  at  all  imply  that  it  is  advantageous  to  assign  work  in 
terms  of  time.  There  is  some  reason  to  think  that,  other  things  being 
equal,  piece-work  arouses  more  interest  than  time-work  (see,  for  ex- 
ample, Scott,  '11,  p.  145  fif.  and  p.  252)  and  that  the  graded  shortening 
of  the  practice  periods  which  comes  from  producing  a  given  amount 
of  product  daily,  gives  a  desirable  distribution  of  practice  (at  least  in 
work  of  the  memorizing  and  habit-forming  and  organizing  types).  On 
the  other  hand,  the  assignment  of  a  given  time  may  be  better  in  that 
it  lets  the  learner  know  what  is  expected  of  him,  prevents  the  abler 
pupils  from  idling,  and  the  less  able  pupils  from  being  discouraged.  If 
each  pupil's  score  from  period  to  period  is  kept,  and  suitable  rewards 
of  promotion,  free  time  and  the  like  are  given  to  those  who  progress 
rapidly,  assignments  by  time  will  probably  result  in  nearly,  or  quite, 
as  much  interest  as  assignments  by  product  to  be  produced.  Their 
automatic  adjustment  to  individual  differences  is  certainly  a  great  ad- 
ministrative aid. 
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times  devoted  to  practice,  by  the  percentile  increments.  Why, 
it  may  be  queried,  is  it  said  that  gain  from  loo  strokes  made 
per  minute  in  typewriting  to  150,  is  equal  to  the  gain  from 
200  strokes  per  minute  to  250?  Is  not  the  former  a  gain 
of  half;  and  the  latter  a  gain  of  only  a  fourth? 

I  am  tempted  to  retort  that  such  use  of  percentile  incre- 
ments begs  the  wrong  answer  to  every  question  about  changes 
in  the  rate  of  improvement.  Statements  in  terms  of  per- 
centile increments  are  sometimes  useful  in  comparing  in- 
dividuals one  with  another  (though  not  often),  but  in  com- 
paring one  individual's  gain  at  one  stage  of  learning  with 
his  own  gain  at  a  later  stage,  they  are  utterly  mischievous — 
a  most  unhappy  misuse  of  survivals  of  the  grocery-store 
arithmetic  of  our  school  days.  For  much  the  same  reasons 
that  it  is  useful  to  reckon  certain  financial  gains  as  percentile 
increments,  it  is  harmful  so  to  reckon  gains  in  intellect,  morals 
and  skill.  In  certain  problems  of  the  grocery  store  we  want 
to  know  what  the  man  did  with  each  dollar  he  had,  but  in 
problems  of  learning  we  want  to  know  what  the  man  did  as 
a  man. 

It  is  true  that  it  would  l^e  useful  to  measure,  especially 
in  the  case  of  the  'knowledge'  functions,  the  gain  that  a  man 
got  from  each  unit  of  intellectual  capital  that  he  had  so  far 
acquired.  But  such  measures  only  introduce  confusion  when 
reported  for  all  functions  alike — for  functions  whose  improve- 
ment is  restricted  by  an  active  limit,  for  example — and  used 
as  commensurate  measures  of  the  gain  per  hour  of  learning. 
In  all  the  careless  writing  about  improvement,  no  actual  in- 
vestigator has  ever  been  so  unwise  as  to  change  his  gross 
practice  curves  into  curves  of  percentile  increments,  or  so 
devoid  of  sense  for  fact  as  to  say  that  the  expert  typewriter 
who  improves,  in  a  thousand  hours  of  practice,  from  fifty 
to  fifty-five  words  per  minute  gains  at  a  rate  only  one  ten- 
thousandth  as  fast  as  that  of  the  beginner  who  improves  from 
two  words  to  three  words  per  minute  in  half  an  hour. 

Last  in  order  belongs  a  note  on  the  common  use  in  these 
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pages  of  the  quantity  and  quality  of  substantially  the  same 
kind  of  product  as  the  means  of  measuring  efficiency  in  the 
course  of  a  function's  exercise.  In  the  learning  of  the  world 
at  large,  greater  efficiency  very  often  means  producing  a 
radically  different  kind  of  product ;  and  the  measurement  of 
the  learner's  progress  demands  a  scale  composed  of  products 
varying  otherwise  than  in  mere  amount  and  precision,  or 
even  demands  a  shifting  from  one  to  another  scale  of  measure. 
Thus,  the  musician  does  not  simply  come  to  play  scales  faster 
and  with  fewer  mistakes;  he  also  comes  to  play  radically 
different  pieces.  In  the  practice  experiments  recorded  here, 
however,  improvement  has  been  measured  without  change  of 
scale  from  one  sort  of  product  to  a  different  sort;  increased 
speed  and  precision  in  the  same  production,  rather  than 
advance  to  a  much  'harder'  or  'higher'  or  'more  advanced' 
task,  has  been  the  fact  commonly  measured. 

This  restriction  in  our  discussion  is  the  consequence  of  an 
unfortunate  restriction  in  the  quantitative  experimental  work 
that  has  been  done  on  the  process  of  learning.  I  should 
eagerly  have  seized  on  any  measurements  of  learning  in 
arithmetic  which  measured  the  learner's  advance  from  'ability 
to  add  numbers  to  9  +  9,'  to  'ability  to  add  with  the  higher 
decades,'  to  'ability  to  add  with  carrying,'  to  'ability  to  add 
fractions,'  to  'ability  to  add  with  algebraic  symlx)ls,'  and  the 
like — but  there  are  no  such.  Nobody  has  ever  had  children 
learn  geometry  or  painting  or  chemistry  under  defined  con- 
ditions, testing  from  time  to  time  the  kind  of  thing  they  could 
at  that  time  achieve — the  progessive  difficulty  of  the  'originals' 
which  they  could  just  do  in  an  hour,  or  of  the  chemical 
problems  which  they  were  just  able  to  solve. 

Such  measurements  of  efficiency  by  the  point  which  the 
learner's  product  reaches  on  a  scale  of  varying  products,  such 
as  were  shown  for  handwriting  and  drawing  in  Figs.  14-26, 
are  very  much  needed  and  will  doubtless  soon  be  made  now 
that  scales  are  being  devised  by  which  the  learner's  product 
can  be  objectively  measured.     For  example,  such  theories  of 


CHANGES    IN    RATE    OF    IMPROVEMENT  299 

the  changing  rate  of  improvement  in  learning  to  write  English 
prose,  or  to  handle  chemical  facts,  or  to  read  German,  as  have 
been  advanced  by  Bryan  and  Harter  and  Swift  are  susceptible 
of  confirmation  or  refutation  by  actual  measurements  of  this 
sort.  The  study  of  the  psychology  of  improvement  began, 
however,  with  the  easier  cases — of  change  in  the  amount  and 
precision  of  substantially  the  same  kind  of  product — and  as 
yet  has  not  advanced  beyond  them. 


CHAPTER    X  ' 


The  Permanence  of  Improvement 
deterioration  by  disuse 

In  general,  as  daily  life  abundantly  shows,  the  disuse  of 
a  mental  function  weakens  it,  and  the  amount  of  weakening 
increases,  the  longer  the  lack  of  exercise.  There  have  been, 
however,  a  few  unfortunate  statements  made  by  psychologists 
to  the  efifect  that  bonds  perfect  themselves  after  exercise  has 
ceased  by  a  process  of  mere  inner  growth  or  organization. 
So  Coover  and  Angell  ['07,  p.  336]  say  that  "the  common 
1)elief  in  beneficial  effects  of  incubation  periods  on  bodily 
activity  has  been  amply  confirmed  by  numerous  investigations 
of  practice  and  fatigue,"  but  give  neither  any  evidence,  nor 
an}'  reference  to  any  evidence,  of  the  confirmation.  Book,  who 
does  not  himself  assent  to  this  doctrine  of  learning  to  skate 
in  the  summer  and  to  swim  in  the  winter,  describes  it  as  the 
assumption  "that  the  associations  previously  formed  had 
been  slowly  perfecting  themselves  unconsciously  by  some  sort 
of  neural  growth  process  which  completed  itself  during  the 
interval  of  no  practice."     ["08,  p.  80] 

This  doctrine  of  continuance  of  improvement  after  the 
cessation  of  practice  seems  to  contradict  the  general  rule 
announced  above,  and  would  do  so  if  the  doctrine  were  made 
general  and  consistent.  But  the  advocates  of  learning  to 
skate  in  summer  and  swim  in  the  winter  would  in  concrete 
cases  always  demand  that  improvement  should  have  a  certain 
large  impetus  in  order  to  continue  without  further  exercise, 
and  would  always  admit  that  after  a  certain  length  of  time 
disuse  does  not  improve,  but  injures,  a  function's  efficiency. 
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No  one  of  them  would  expect  the  improvement  due  to  a  single 
hour's  practice  at  skating  to  add  an  unearned  increment  to 
itself  during  the  following  summer.  No  one  of  them  would 
expect  that  the  gain  from  a  hundred  hours  of  practice  at 
swimming,  diving  and  other  aquatic  gymnastics  would  be 
found  to  have  increased  or  even  persisted  after  twenty  years. 
The  doctrine  asserts  the  reversal  of  a  general  law  of  for- 
getting under  certain  circumstances,  not  the  general  truth 
of  its  opposite. 

The  doctrine  is  misleading,  the  real  facts  which  in  a 
measure  excuse  it  being  simply  :  ( i )  that  an  improvement  in 
a  function  may  be  masked  by  fatigue,  so  that  disuse,  involv- 
ing rest,  produces  an  apparent  gain;  (2)  that  an  improvement 
in  the  strength  of  desirable  bonds  may  be  masked  by  a 
decrease  in  their  readiness — a  drop  in  interest,  a  'going  stale,' 
as  the  athletes  say — so  that  disuse,  by  doing  more  good  to 
interest  than  it  does  harm  to  the  strength  of  the  bonds,  pro- 
duces an  apparent  improvement;  (3)  that  unwise  exercise  of 
the  function,  as  in  worry  and  confusion  or  under  misleading 
instructions,  may  form  undesirable  bonds,  whose  weakening 
by  disuse  improves  the  function.* 

The  first  of  these  three  facts  is  well  known.  It  is  illus- 
trated in  Fig.  125,  which  shows  the  course  of  efficiency  in 
the  mental  multiplication  of  a  four-place  by  a  four-place 
number  during  three  work  periods  of  about  35^,  33/^,  and  1}^ 
hours  respectively,  separated  by  periods  of  disuse  of  two  and 

*  Cleveland's  comments  on  this  topic  are  in  harmony  with  this  ex- 
planation. He  writes :  "In  this  connection  I  may  mention  that  the 
returns  of  my  correspondents  also  indicate  that  short  periods  of  rest 
from  chess  practice,  varying  with  the  individual  from  a  few  weeks 
to  several  months,  may  cause  a  noticeable  increase  in  skill.  Renewed 
interest  and  consequent  greater  effort  in  beginning  again  afte»-  an  interval 
of  no  play  may  account  for  this  in  part,  and  it  may  be  also  that  in 
constant  playing  the  details  accumulate  faster  than  the  mind  can  assimilate 
them,  so  that  they  confuse  rather  than  aid  the  player.  .  .  .  Then,  too, 
when  the  stress  of  new  impressions  ceases,  an  opportunity  is  given  to 
take  an  inventory  of  the  mental  stock.  .  .  .  On  the  other  hand  ''^ntr 
periods  of  inactivity  have  a  very  different  effect.     ['07,  p.  298] 
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three  days,   the  first  two  being  also  each  broken  by  a  short 
period  of  disuse. 


is- 


»  - 


5  - 


100 


100 


50O 


400 


soo. 


Fic.  125.  The  Apparent  Permanent  Improvement  of  a  Function  by  Disuse,  the 
Real  Fact  P>eing  Its  Temporary  l")eterioratioii  hy  lixercise  without  Rest.  The 
height  of  the  curve  here  represents  Time  Uequireil  for  Mental  Multiplication, 
so  that  llie  lower  the  curve,  the  greater  the  efficiency  of  the  function.  The 
rertical    lines    mark    periods    of    disuse    as    shown.      (Data    from    Arai,    '12.) 


The  second  of  the  three  facts  cannot  be  demonstrated  from 
experimental  studies,  since  these  have  not  yet  measured  the 
degree  of  interest  in  the  exercise  and  improvement  of  a  func- 
tion, separately  from  tlie  gross  efficiency  in  it.  Competent 
investigators  of  learning  would  probably  agree,  however,  that 
if  we  could  make  the  extremely  useful  distinction  between 
(i)  the  strength  of  the  IxMids  thetnselves  and  (2)  the  strength 
of  whatever  decides  their  readiness  to  act — the  satisfyingness 
of  successful  exercise  of  the  function — we  should  find  disuse 
as  a  rule  haiTnful  to  the  former  and  helpful  to  the  latter. 
When  disuse  helped  the  function's  gross  efficiency  it  would  be, 
as  a  rule,  by  helping  the  latter. 

The  third  fact  is  obvious.  If  use  is  rapidly  breaking 
down  good  habits  and  building  up  bad  ones,  disuse,  which  will 
break  down  the  good  ones  more  slowly  and  build  up  no 
bad  ones,  is  preferable  as  being  less  harmful. 

Another  form  of  the  doctrine  that  disuse  of  certain  sorts 
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increases  improvement  asserts  that  a  brief  interval  of  disuse 
after  the  formation  of  a  bond,  strengthens  it.  The  interval 
supposed  to  have  this  beneficial  effect  may  be  a  few  seconds 
only,  or  a  few  minutes,  or  a  few  hours.  So  Ribot  says:  "It 
seems  therefore,  that  in  order  that  a  recollection  may  organize 
and  fix  itself,  a  certain  time  is  necessary."*  Burnham  says, 
after  so  quoting  Ribot,  "It  takes  time  for  an  impression  to 
become  so  fixed  that  it  can  be  reproduced  after  a  long-  interval 
...  an  important  factor  in  fixing  an  impression  is  probably 
the  automatic  repetition  of  it.  This  is  seen  in  the  case  of 
people  who  think  audibly,  repeating  words  that  they  have 
heard ;  .  .  .  but  where  there  is  no  such  motor  expression, 
nevertheless  an  automatic  repetition  of  the  idea  very  likely 
occurs."     ['03,  p.  392  f.   (p.  128  by  one  system  of  paging.)] 

What  direct  experiments  there  are  on  memory  are  dead 
against  every  one  of  these  three  suppositions.  A  few  seconds' 
interval  may  be  helpful  if  without  it  the  person's  attention  is 
distracted  by  a  sequent  impression  or  act  or  if  during  it  he 
keeps  the  bonds  acting,  but  not  in  and  of  itself.  Five  minutes' 
interval  causes  a  notable  loss  unless  the  person  uses  part  of 
it  to  review  the  learning.  A  few  hours  cause  intrinsically 
still  greater  losses,  though  their  effect  as  rest  may  mask  this. 

We  may  then  dismiss  the  doctrine  of  continuance  of  im- 
provement after  the  cessation  of  practice  as  unsupported  by 
direct  evidence  and  contrary  to  all  the  general  evidence  on 
memory.  There  is  always  some  weakening  of  bonds,  and  so, 
under  equal  conditions  of  rest  and  interest,  always  some 
deterioration  of  a  function,  with  disuse.  In  certain  cases  the 
effect  on  the  score  may,  however,  be  very  small.  Consider 
the  very  simple  function  in  the  reader  of  being  able  to  tell  his 
name  when  asked  'What  is  your  name?'  Suppose  the  reader, 
by  some  atrocity  of  melodrama,  to  be  imprisoned  for  twenty 
years,  to  be  known  only  by  a  number,  and  to  hold  no  com- 
munication with  himself  by  name.     Even  ten  years  of  such 

*  P.  799  of  Tuke's  Dictionary  of  Psychological  Medicine. 
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complete  disuse  would  probably  not  abolish  his  understanding 
of  the  question  or  his  correct  response  to  it.  Perhaps  a  slight 
indecision  and  delay  would  be  the  only- observable  inferiority 
in  the  function's  efficiency.  j 

The  rate  of  deterioration  seems,  at  least,  to  vary  greatly 
with  different  functions.  For  example,  improvement  in  swim- 
ming, skating,  dancing,  typewriting,  and  other  skilled  sen- 
sori-motor  organizations  seems  to  persist  far  longer  than 
improvement  in  translating  Latin,  giving  correct  chemical 
formulas,  reciting  a  poem,  and  other  functions  of  information. 


lOO 
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Interval  between  learning  and  relearning;  in  days. 

Fig.   126.     The  Approximate  Curve  of  Forgetting:  for  Poetry  Learned  to  the  Point  of 
Two  Successful  Reproductions.     Drawn   from   Data  of  Radossawljewitsch  and  MagnefL 


The  limit  of  deterioration  by  disuse  is  an  interesting 
theoretical  topic.  Whether  disuse  can  ever  utterly  efface  a 
gain  once  acquired  is  not  so  necessarily  true  as  certain  ordinary 
discussions  of  memory  assume.  Experimental  results  show 
rather  the  deterioration  approaching,  but  never  quite  reaching, 
complete  loss  as  a  limit. 

Changes  in  the  rate  of  deterioration  shown  in  such  'Curves 
of  Forgetting'  as  are  illustrated  in  Fig.  126  for  the  function 
of  reciting  a  given  poem,  have  been  too  little  studied  to  receive 
any  adequate  description  here.  It  is  to  be  hoped  that  they 
soon  will  be.     For  just  as  the  practice  curve  for  a  function 
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helps  US  to  decide  for  any  given  person  the  economical  point 
at  which  to  stop  the  practice  of  one  function  and  spend  the 
time  upon  some  other,  so  the  curve  of  forgetting  helps  us 
to  decide  for  any  given  person  the  economical  distribution  of 
reviews  by  which  to  maintain  the  function  at  any  designated 
level  of  efficiency. 

Before  any  further  comment  on  the  amount,  rate  and 
change  of  rate  of  deterioration  with  disuse,  it  will  be  best  to 
review  samples  of  tlie  relevant  facts  which  experimental 
studies  have  shown. 

RESULTS    OF    EXPERIMENTAL    STUDIES 

The  functions  whose  deteriorations  with  disuse  have  been 
studied  most  adequately  are  the  rather  unimportant*  ones 
of  reciting  at  demand  a  certain  series  of  nonsense  syllables, 
and  reciting  at  demand  a  certain  series  of  sensible  words 
forming  a  stanza  of  a  poem  or  the  like.  In  these  cases  a 
certain  known  amount  of  time  or  number  of  readings  has 
produced  a  certain  defined  improvement  from  zero  ability  to 
the  ability  to  recite  the  series  once  (or  twice,  in  some  of  the 
studies)  ;  and,  after  certain  known  amounts  of  time  have 
elapsed,  the  amount  of  time  or  number  of  repetitions  required 
to  restore  the  ability  previously  acquired  has  been  measured. 
If,  for  example,  a  man  learns  loo  nonsense  series,  and  relearns 
10  of  them  after  i  hour,  lo  after  i  day,  lo  after  lo  days, 
10  after  30  days,  10  after  i  year,  and  so  on,  we  have  means 
of  estimating  certain  points  of  the  curve  of  deterioration  or 
forgetting  for  this  function  in  this  man. 

The  studies  in  question  are  those  of  Ebbinghaus,  Rados- 
sawljewitsch  and  Magneflf. 

Ebbinghaus  ["85,  p.  94  ff.],  measuring  the  amount  remem- 

*If  the  curves  so  found  could  be  assumed  to  hold  good  for  all 
functions  at  all  stages  of  improvement,  their  characteristics  would  be  of 
very  great  importance,  but,  as  will  be  shown,  these  curves  cannot  be 
at  all  generally  assumed. 
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bered    by   the   saving   of   time    in    relearning.    found    that   a 
series  of  nonsense  syllables  when  studied  until  he  could  just 
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Interval  between  learning  and  relearning:  in  days. 
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Fig.   127.     '''he  Curve  of  Forgetting  for  Nonsense-Series  Learned  to  the  Point  of  One 
Successful  Reproduction,  in  the  Case  of  Ebbinghaus. 
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Fig.    ij8.      The    Curve    of    Forgetting    for    Nonsense-Series   Teamed   to    the    Point   of 
Two  Successful  Rtproductions,  as  Reported  by  Radossawljewitsch. 

repeat  it  correctly,  left  an  after  effect  as  shown  in  Fig.  127. 
At  the  end  of  ip  minutes,  42  per  cent  as  much  time  was 
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required  to  relearn  the  series  as  to  learn  it  in  the  first  place; 
at  the  end  of  dj  minutes,  56  per  cent  as  much  time;  at  the 
end  of  8}i  hours,  64  per  cent  as  much  time;  and  so  on.  The 
percentages  of  time  saved  over  total  relearning  are  thus  58, 
44,  36  and  so  on.  Disuse  here  seems  enormously  potent. 
In  a  similar  experiment,  except  that  the  nonsense  series  were 
learned  more  thoroughly — namely,  until  they  could  be  re- 
peated correctly  twice  in  succession,  Radossawljewitsch  ['07] 
found  the  curve  of  forgetting  to  be  of  the  same  general 
form  as  Fig.  127,  but  with  a  less  intense  effect  of  disuse. 
His  results  are  shown  in  Fig.  128.  Table  29  gives  the  two 
together,  in  terms  of  the  percent  of  time  saved.  The  differ- 
ence between  the  two  curves  may  be  in  part  due  to  the  fact 
that  Ebbinghaus  tested  only  one  individual ;  and  are  surely 
in  part  due  to  the  fact  that  Radossawljewitsch  required  learn- 
ing to  the  point  of  two  perfect  repetitions  instead  of  to  the 
point  of  one. 

Table  29 
permanence  of  ability  to  recite  a   series  of  nonsense  syllables 


Intervals 

Percentage  Save 

:d  in  Relearning 

Ebbinghaus 

Radossawljewitsch 

5  minutes 

97-5 

19 

58.2 

20        " 

88.6 

60 

70.7 

63        " 

44.2 

480 

474 

525 

35.S 

I  day 

33-7 

67.8 

2  days 

27.8 

60.9 

6    " 

254 

49-3 

14    " 

41.0 

21     " 

38.0 

30    " 

20.2 

31     " 

21. 1 

120    " 

2.8 

Bean  ['12.  p.  19  ff.],  using  the  learning  and  relearning 
of  a  series  of  new  letters  and  measuring  the  loss  in  a  fashion 
too  intricate  for  description  here,  found  that  the  loss  was  rapid 
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at  first  and  then  slow,  his  score  for  the  errors  made  at  various 
dates  in  tests  of  knowledge  of  the  nine  letters  being:  one  day, 
3.0;  four  days,  4.15;  seven  days,  5.35;  fourteen  days,  5.5; 
twenty-one  days,  5.55;  twenty-eight  day's,  5.9.  The  first  day's 
disuse  thus  produces  as  many  errors  as  the  following  twenty- 
seven  days. 

These  three  investigations  made  far  from  adequate 
measurements*  of  the  curve  of  forgetting  for  barely  learned 
nonsense  material,  but  they  give  the  nearest  approach  to  a 
measure  of  the  effect  of  disuse  on  a  function  that  experimental 
psychology  can  show.  From  them  it  can  be  inferred  with  some 
surety  that  the  curv^e  is  of  the  general  form  shown  in  Figs. 
126,  127  and  128,  the  efficiency  of  the  function  decreasing 
very  rapidly  at  first  and  then  more  and  more  slowly.  The 
curve  of  Ebbinghaus  is  also  very  closely  true  for  the  one 
subject,  learning  by  the  method  used. 

Radossawljewitsch  had  sensible  series  (eight  lines  of 
poetry  making  about  ninety  syllables)  learned  to  the  point 
of  two  perfect  recitals,  and  then  relearned  after  a  certain  in- 
terval. In  the  case  of  those  verses  which  were  relearned  after 
twenty  minutes  there  was  a  saving  of  96  per  cent  of  the 
work  originally  required ;  in  the  case  of  those  verses  which 
were  relearned  after  sixty  minutes  there  was  a  saving  of  81 
per  cent;  and  so  on,  as  shown  in  the  first  column  of  entries 
of  Table  30. 

Magneff,t  in  a  similar  experiment  with  two  learners,  ob- 
tained the  results  vshown  in  the  second  column  of  entries  of 
Table  30.  Combining  their  results  and  grouping  certain  days, 
we  have,  as  a  rough  measure  of  the  curve  of  forgetting  for 
poetry,  that  shown  in  Fig.  126,  on  page  304. 

*  Ebbinghaus  used  only  one  subject;  Radossawljewitsch's  results  are 
suspicious  in  certain  particulars ;  Bean  does  not  exactly  define  for  us 
either  the  initial  ability  or  the  ability  after  any  of  the  intervals. 

t  I  quote   Magneff's  results  from  Radossawljewitsch,   '07,  p.   109, 
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Table  30 
permanence   of    ability    to   recite    a    section    of   a    poem 


Interval 

Percentage  Saved 

in  Relearning 

Radossawljewitsch 

Magneff 

5 

minutes 

100 

20 

" 

95-6 

60 

" 

80.9 

480 

(i 

57-9 

I 

day 

79-2 

66.9^ 

2 

" 

66.8 

43-4 

3 

" 

56.5 

65.0 

4 

" 

54-5 

48.0 

5 

« 

56.S 

6 

" 

424 

45.0 

7 

" 

50-0 

61^ 

10 

" 

50.0 

12 

" 

40.0 

13 

" 

58.9 

14 

" 

30.0 

25.0 

16 

" 

44-5 

21 

'• 

47-6 

25  50. 

30   "  23.9 

In  sharp  contrast  to  the  extensive  rapid  forgetting  of 
nonsense  hsts  and  verses  of  pc:>etr\'  stand  the  facts  found  for 
tossing  balls  and  typewriting  by  Swift.  Schuyler,  Book  and 
Rejall. 

In  the  case  of  tossing  balls,  the  following  facts  are  re- 
ported by  Swift  ['03.  '05  and  '10]  :  Subject  A,  having  begim 
with  a  score  of  alx)ut  4,  and  having  reached,  in  the  last  six 
days  of  forty-two  days  of  practice,  average  scores  of  50,  82, 
92,  88,  68  and  105,  was  retested  every  thirty  days  for 
five  months,  and  attained  average  scores  of  70.  80,  140.  1 10, 
and  120.  Being  then  tested  after  four  hundred  and  eighty- 
one  days,  he  attained  an  average  score  of  119.  Being  then 
tested  after  over  four  years,  he  attained  an  average  score  of 
5;  on  the  following  day,  one  of  10;  and  on  successive  follow- 
ing days,  average  scores  of  18,  20,  26,  35.  66.  60.  45,  100, 
and  160.  Subject  E.  having  1)egun  with  a  score  of  about  10. 
and  having  reached,  in  the  last  six  days  of  fourteen  days  of 


3IO 


THE    PSYCHOLOGY    OF    LEARNING 


practice,  average  scores  of  31,  53,  80,  105,  115  and  127,  was 
retested  every  thirty  days  for  five  months,*  and  attained 
average  scores  of  115,  145,  155,  230,  and  325.  Being  next 
tested  after  an  interval  of  463  days,  he  attained  an  average 
score  of  152. 
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Fig.  129.  The  Scores  of  Srhuylcr  in  Typewriting  in  the  La=t  Ten  Practice  Periods 
of  the  Learning.  The  Upper  Curve  Is  for  Amount  Written;  the  Lower  Is  for 
Percentage  of  Errors  (.01:^1  per  cent  of  letters  written;  .02  =  2  per  cent  of 
letters  written.) 

Fig.  130.  The  Scores  of  Schuyler  in  Typewriting  in  the  Successive  Practice  Periods 
of  the  Relearning  after  84  days.  The  arrangements  of  the  diagram  are  the  same 
as  in  Fig.   129.     (Figs.  129  and   130  are  after  Swift  and  Schuyler,  '07,  p.  308.) 

In  the  course  of  forty-five  hours  of  practice  at  typewriting, 
Swift  had  risen  from  a  score  of  350  words  per  hour  to  one  of 
1050.  Two  years  and  thirty-five  days  later  he  was  retested, 
scoring  in  ten  hours  (one  per  day)  700,  860,  860,  970,  1023, 
loio,  1005,  1040,  990,  HOG.  The  score  of  errors  is  not 
reported,  though  Swift  notes  an  "increasing  liability  to  error." 
[Swift,  '06] 

In  the  course  of  what  amounted  to  fifty-two  half-hours 
of  practice  (one  half-hour  daily)  at  typewriting  (by  the  touch- 
method),    Schuyler    changed    from    a    speed    of    about    1250 

*  There  was  some  practice  with  the  left  hand  during  the  first  thirty- 
days  interval  in  the  case  of  both  A  and  E. 
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Strokes  in  30  minutes  to  the  condition  shown  in  Fig.  129, 
going  from  about  2700  to  about  3400  in  the  last  ten  half- 
hours.  After  84  (lays  of  no  practice  (save  writing  one  letter) 
he  scored  in  successive  half-hours,  2000,  2750,  2950,  3200, 
3000,  3125,  etc.,  as  shown  in  Fig.  130.  The  percentage 
of  errors  on  each  day  is  also  shown  in  Figs.  129  and  130. 
[Swift  and  Schuyler,  '07] 

It  is  unfortunate  that  this  'memory'  experiment  was  not 
continued  as  a  further  practice  experiment,  to  see  what  would 
happen  after  the  enormous  gain  in  score  made  in  the  last 
half  of  it.  It  is  also  unfortunate  that  the  matter  to  be  copied 
was  not  regulated  as  to  difficulty  (so  far  as  I  can  ascertain 
from  the  report  of  Swift  and  Schuyler). 


Table  31 

PERMANENCE  OF   impro\t;ment   IN   TYPEWRITING :    After   Book,   'oS,   p.    75. 
Number  of  Strokes   Made  in   10  Minutes. 


Tests 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Aver- 
age 

Ptr- 
centage 

of 
Errors 

Last  Reg.   Prac, 
Jan.  7-16,   1906 

istMemorj  Test, 
June  i-io,  1906 

2nd  Memory  Test, 
June  i-io,  1907 

1503 
136s 
1390 

1509 
1421 

1344 

1404 
1421 

1345 

1572 
1433 

1537 

1404 
1529 
1681 

1436 
1443 
1694 

1501 
1523 
1634 

1455 
1504 
1845 

1508 
1313 
1 761 

1698 
1472 
1850 

1508 

1433 
1611 

2.21 

3-54 
3-15 

In  the  case  of  Individual  X  in  Book's  experiment  with 
typewriting  the  following  facts  were  found : 

"The  last  test  of  the  regular  experiments  was  taken  by 
the  writer  [X  of  page  139]  in  his  touch-method  practice  on 
January  16,  1906.  .  .  .  The  typewriter  was  not  touched  again 
by  him  until  the  following  June.  On  June  i,  1906,  and  the  nine 
days  following,  a  series  of  10  tests  was  made  on  the  same 
kind  of  a  typewriter  used  by  him  in  his  regular  touch-method 
practice  .  .  .  and  under  the  same  conditions  as  the  regular 
tests.     The  typewriter  was  then  not  touched  again  for  a  full 
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year,  until  June  i.  1907.  Ten  daily  tests  were  then  taken, 
with  the  same  precautions  as  before."    ['08.  p.  75] 

Table  31  gives  the  results  and  Fig.  131  shows  them  so 
far  as  concerns  the  amount  done.  ^' 

Rejall  tested  the  permanence  of  the  ability  to  typewrite 
described  on  pag'e  140  and  shown  in  Fig.  86  on  page  244,  after 
an  interval  of  three  and  a  half  years.  In  the  last  two  weeks 
of  the  learning,  he  wrote  at  a  rate  of  25  words  a  minute  with 
4  errors  per  hundred  words  copied ;  in  the  memory  test,  he 
scored,  in  the  first  five  days,  18.75  words  per  minute  with 
8  errors  per  hundred  words,  18.9  with  7^  errors,  21  with 
6^  errors,  22.1  with  5  errors,  and  22.5  with  82/5  errors. 
On  continuing  the  practice,  five  hours  brouglit  him  to  very 
nearly  the  same  ability  that  thirty  hours  had  been  required 
to  attain  originally,  his  average  score  for  the  six  days  after 
five  hours  of  releaming  being  26  words  jjer  minute  with  5^2 
errors  per  hundred  words. 

The  results  of  Swift  and  Rook  have,  by  a  misinterpre- 
tation of  the  former,  and  by  a  too  serious  consideration  of  the 
latter  apart  from  other  data  on  the  pemianence  of  skill  in 
typewriting,  given  rise  to  what  seem  to  me  rash  exaggerations 
of  the  permanence  of  learning. 

Swift  writes,  for  example,  that  in  the  memory  tests  si.K 
hundred  and  thirty  or  more  days  after  the  close  of  the  regular 
practice  "the  subjects  gained  a  facility  in  handling  the  balls 
that  they  had  not  excelled  at  any  period  of  the  regular  practice, 
and  this  facility,  together  with  the  scores  that  they  made, 
shows  that  they  had  acquired  a  skill  which  clearly  exceeded 
that  with  which  they  ended  the  original  learning  process  of 
four  hundred  and  fifty  trials  for  A  and  one  hundred  and  forty 
for  E."     ['05,  p.  133] 

This  seems  to  be  intended  to  give,  and  certainly  has  given, 
the  impression  that  there  was  little  or  no  loss.  There  was 
a  very  notable  loss.  The  comparison  should  of  course  be 
made  with  the  last  record  of  the  monthly  memory  tests. 
Doing  this,  we  have  an  enormous  drop  in  E's  score — from 
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325  to  152 — and  no  gain  for  A.  It  is  also  the  case  that 
A  had  made  a  score  of  140  in  one  of  the  old  tests,  as  com- 
pared with  his  119  of  a  year  and  more  later,  though  the 
last  of  his  old  tests  gave  120  as  the  score. 
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Fig.  131.  The  Scores  of  X  in  Typewriting;  in  the  Last  Ten  Days  of  Practice,  Jan. 
7-16,  1906,  and  in  the  Ten  Days  of  the  Memory  Test  of  June  i-io,  1006.  and  in 
the  Ten  Days  of  thj  Memory  Test  of  June  i-io,  1907.  [From  data  given  by 
Book,  '08,  p.   75-] 


Again,  in  emphasizing  the  rapidity  of  the  relearning  after 
four  years  more  of  disuse,  Swift  states  that  "eleven  days  were 
required  to  regain  the  skill  which  in  the  earlier  work  had 
required  forty-two  days  of  practice"   ['lo,  p.   17].  giving  the 
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impression  that  the  time  required  for  relearning  was  eleven 
forty-seconds,  or  about  one-fourth,  as  long.  The  time  re- 
quired, up  to  and  including  the  tenth  day  of  the  relearning 
when  the  record  of  100  was  made,  was,  in  fact,  almost  a 
third  as  long  as  the  time  required  to  reach  an  equal  ability 
in  the  original  learning.  The  eleven  days  as  a  whole  involved 
over  four  tenths  as  many  tosses  as  the  entire  original  forty- 
two  days  of  practice. 

Again  Swift  writes,  apparently  as  a  conclusion  from  these 
experiments,  "Evidently  the  mind  continues  its  activity  for  a 
time  in  the  furtherance  of  a  learning  process  after  practice  and 
study  have  ceased"  ['10,  p.  19].  This  may  be  true,  but 
nothing  in  the  measurements  of  the  permanence  of  skill  in 
tossing  balls  gives  proof  of  it.  They  show  quick  relearning 
and  an  advance,  in  a  thousand  or  so  tosses  executed  after 
thirty  days  disuse;  a  slower  partial  relearning  v^'ith  no  advance, 
in  a  thousand  or  so  tosses,  after  a  year  and  a  third;  and 
a  requirement  of  a  third  of  the  original  time  for  relearning, 
after  four  or  live  years.  The  permanence  of  improvement 
in  tossing  balls  is  great,  but  is  far  from  being  perfect,  and 
gives  absolutely  no  support  to  the  doctrine  of  the  perpetu- 
ation and  increase  of  learning  by  mere  cerebral  growth  or 
automatic  organization  of  bonds. 

Book,  I  think,  considers  the  results  of  X's  memory  tests 
too  much  apart  from  other  data  along  the  same  line.  He 
takes  his  figures  at  their  precise  face  value  with  not  enough 
margin  for  'chance'  variations.  His  interpretation  and  ex- 
planation is  as  follows : 

"The  facts  here  to  be  explained  are  the  rapidity  of  the 
relearning  and  the  actual  gain  in  skill  shown  by  our  second 
memory  tests  (see  Table  31  and  Fig.  131).  It  can  hardly 
be  said  that  the  ten  lo-minute  practices  are  responsible  for  the 
o-ain.  For  if  this  were  the  case,  we  should  still  have  to 
account  for  the  fact  that  a  lo-minute  practice  period  showed 
greater  gains  after  an  interval  of  no  practice  for  a  year  and 
a  half  than  a  60-minute  period  at  the  end  of  the  regular  ex- 
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perimeiit,  when  there  were  no  signs  of  a  plateau  in  the 
learning  curve. 

"The  percentage  of  errors  made  in  both  memory  tests 
was  somewhat  greater  than  for  the  last  lo  tests  of  the  regular 
writing  (see  Table  31  above),  suggesting  that  the  learner 
tried  harder  and  put  more  attention  on  speed  in  the  memory 
te^ts.  This  would  tend  to  make  the  score  somewhat  higher 
for  the  memory  tests,  but  this  lack  of  conscientiousness  on 
the  part  of  the  learner  will  not  account  for  the  marked  in- 
crease in  score  for  the  second  memory  tests  where  we  have  as 
compared  with  the  results  of  the  first  memory  series  a  higher 
score  and  a  decrease  in  the  percentage  of  errors.  There  seems 
to  have  been  an  actual  increase  in  skill  during  the  rest  interval 
of  a  year  and  a  half. 

"How  is  this  to  be  explained?  When  taken  with  the 
observations  of  the  learner  which  credit  the  improvement  to 
the  ease  and  accuracy  with  which  the  old  associations  worked, 
rather  than  to  any  new  adaptations  or  short  cuts  in  method, 
this  fact  might  be  thought  to  mean  that  the  associations  pre- 
viously formed  had  been  slowly  perfecting  themselves  sub- 
consciously by  some  sort  of  neural  growth  process  which 
completed  itself  during  the  interval  of  no  practice,  as  Burn- 
ham  and  Cleveland  believe.* 

"Such  a  view  is  attractive  and  may  in  a  measure  be  true, 
but  our  experiments  give  no  definite  evidence  for  it.  The 
increase  in  score  shown  by  our  second  memory  series  was  due, 
so  far  as  we  could  make  out,  rather  to  the  disappearance,  with 
the  lapse  of  time,  of  numerous  psycho-physical  difficulties, 
interfering  associations,  bad  habits  of  attention,  incidentally 
acquired  in  the  course  of  the  learning,  interfering  habits  and 
tendencies,  which,  as  they  faded,  left  the  more  firmly  estab- 
lished typewriting  associations  free  to  act. 

"The  following  facts  are  given  in  support  of  this  view : 
(i)  Such  hindering  associations  were  developed  in  all  stages 
of  practice,  and  at  the  'critical  stages'  in  great  masses,  form- 
ing a  serious  impediment  to  progress.  (2)  After  the  rest  of 
a  year  and  a  half  these  conflicting  associations  and  hindering 
tendencies  had  noticeably  disappeared.   .   .  . 

"Confirmatory  evidence  on  the  second  point,  beyond  the 
introspections  of  the  subjects,  is,  we  believe,  to  be  found  in 
a  comparison  of  records  of  the  two  memory  series.     During 

*  [Cleveland,  at  least,  can  hardly  be  said  to  believe  this.] 
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the  first  memory  series,  after  a  rest  of  only  four  months, 
the  absence  of  difficulties  and  the  greater  ease  were  not  ob- 
served by  the  learner.  There  were  more  mistakes  and  a  lower 
score  than  for  the  last  lo  regular  tests.  The  typewriting 
associations  had  been  somewhat  dulled  and  the  interferences 
had  not  yet  all  dropped  out.  A  year  later,  during  the  second 
memory  tests,  the  al)sence  of  difficulties  and  the  greater  ease 
had  become  so  prominent  as  to  attract  the  attention  of  the 
learner.  His  notes  state  that  he  was  influenced  by  the  good 
showing  made  in  the  first  memory  series  and  therefore  tried 
especially  hard  to  write  fast  in  the  second  memory  tests, 
attending  more  to  speed  than  to  accuracy.  But  the  errors 
have  now  slightly  decreased  and  the  score  is  better  than  ever 
before.  If  the  restraining  influence  of  hindering  associations 
had  not  disappeared,  the  subject  would  certainly  have  made 
not  less  but  more  mistakes  and  crowded  himself  into  a  'break- 
down.' We,  therefore,  conclude  that  it  was  the  disappearance 
of  the  interfering  associations  and  tendencies  naturally  de- 
xeloped  in  the  course  of  the  learning  which  made  the  old 
associations  work  so  easily  and  cause  the  increase  in  the  score. 
"We  would  not  slur  over  the  fact  that  our  introspective 
data  come  from  the  releaming  of  a  single  subject,  but  the 
general  fact  of  improvement  after  long  intervals  has  been 
demonstrated  several  times  by  others*  and  a  tangible  explan- 
ation like  that  of  interferences  seems  to  us  better  than  a  more 
intangible  one  based  upon  neural  growth."  [Book,  '08,  pp. 
79-81] 

Just  what  happened  was  that  X  had  174  half-hours  of 
practice  at  sight  writing,  reaching  a  speed  of  around  1600 
strokes  in  ten  minutes.  He  then,  after  five  months,  began 
touch  writing,  and  in  fifty  days  reached  an  ability  of  nearly 
1500.  After  staying  around  1500  for  about  a  week  his  last 
record  was  1698.  He  then  stopped  practice.  He  was  no- 
where near  his  limit,  so  far  as  can  be  judged :  his  curve 
(reproduced  here  as  Fig.  132)  had  been  mounting  rapidly. 
Then  after  five  months  and  seventeen  months  he  took  the 
periods  of  ten  days'  practice  with  results  as  reported  in  Table 

*  The  'others'  referred  to  here  are  Biirnham,  Geveland,  Bryan  and 
Harter,  and  Swift.  What  they  have  'demonstrated'  the  reader  can  judge 
from  the  foregoing  account  of  their  results. 
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31.  They  do  not  at  all  necessarily  show  superiority  of  the 
ability  after  the  intervals.  On  the  contrary,  if  we  simply 
assume  that  in  the  last  set  of  tests  there  was  a  sudden  burst 
of  improvement,  bringing"  his  score  up  from  around  1360  to 
around  i8co  in  a  few  ten-minute  periods,  everything  is  ex- 
plainable as  a  very  high  percentage  of  permanence,  without 
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Length  of  practice:  in  hours. 

Fkj.  132.  Improvement  in  Typewriting  liy  the  Touch  Method:  Subject  X.  After 
Book,  '08,  Plate  oi>posite  p.  21.  (Subject  X  began  writing  by  the  touch  method 
after  the  practice  with  the  sight  method  shown  in  Fig.   58.) 

involving  any  mysterious  tendency  of  good  habits  to  persist 
and  of  bad  habits  to  die  out  during  disuse.  Whatever  general 
observations  I  have  been  able  to  make  concerning  the  perma- 
nence of  improvement  lead  me  to  explain  it  so.* 

The  fact  first  stated,  however,  remains — that  these  results 
are  in  sharp  contrast   to  the   facts  of  memory  of   nonsense 

*  As  a  possible  antidote  to  Book's  somewhat  exciting  experiment  and 
attractive  explanation,  one  may  take  Vogt's  record  of  the  effect  of  even 
so  short  periods  of  disuse  as  two,  four,  six  and  ten  days.  Vogt  ['ggj 
uniformly  fell  back — from  335  (additions  done  in  5  minutes)  to  323  and 
from  412  to  407,  when  the  interval  was  two  days;  from  536  to  470  when 
it  was  four  days;  from  641  to  575  when  it  was  six  days;  and  from 
536  to  470  when  it  was  ten  days.  These  enormous  losses  from  a  few  days 
cessation  of  practice,  are  of  course,  an  exception,  but  so  also  perhaps 
are  Book's  quick  releamings  and  his  sudden  advance  in  the  last  series  of 
memory-tests. 
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series  and  the  like.  This  contrast  will  require  further  atten- 
tion after  some  other  studies  of  the  permanence  of  improve- 
ment have  been  reported. 

Bourdon  ["oi]  practiced  himself  in  various  functions  and 
tested  his  efficiency  in  each  after  various  short  intervals  and 
then  after  seven  or  eight  years.  I  present  his  facts  in  the 
form  of  a  table  (Table  32)  in  which  (i)  the  order  of  the 
experiments  is  the  order  from  alx)ve  down,  and  (2)  the 
unspecified  entries  are  weekly  averages  for  the  given  function. 

(3)  The  entries  of  "days  disuse"  are  the  lengths  of  the  interval 
between  experiments  if  the  interval  was  over  a  week  (if  it  was 
less  than  a  week  Bourdon  does  not  rejx)rt  what  it  was),  and 

(4)  the  entries  in  italics,  alongside  and  to  the  right  of  the  main 
columns,  are  the  losses  after  the  intervals  in  question.  Gains 
are  marked  with  a  minus  sign. 

I  quote  from  Bourdon's  descriptions  of  the  tests  as  follows : 

Marking  a  r  s  and  i. 

"The  experiment  consisted  of  marking  as  quickly  as  pos- 
sible with  a  little  vertical  pencil-mark,  the  four  letters  a,  r, 
s.  i,  of  page  27*  beginning  with  the  third  line  of  the  volume. 
.  .  .  Since  the  number  of  mistakes  that  I  made  was  hardly 
worth  being  considered,  I  shall  not  keep  count  of  them." 
['02,  p.  331] 

Translation  Tests. 

"To  associate  mentally  French  words  to  German  words, 
German  words  to  French  words.  French  words  to  English 
w^ords.  I  used,  in  each  of  these  three  cases  a  hundred  written 
words.  I  associated  with  each  of  these  words  as  quickly  as 
possible,  the  German  or  French  words  which  corresponded 
to  them ;  I  set  myself  the  condition  that  I  should  not  pro- 
nounce mentally  the  written  words,  and,  on  the  contrary, 
that  I  should  pronounce  mentally  the  words  that  I  associated 
with  them."  ['02,  p.  333] 

In  the  twelfth  week  of  the  practice  some  of  the  words  were 
changed,  hence  the  rise  in  the  time  of  performance. 

*  That  is,  page  27  of  the  b(X)k  which  Bourdon  used. 
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Table  32 

The  Permanence  OF  Improvement:  After  Bourdon,  '01.  Weekly 
Average  Times  (in  Seconds)  Required  in  Successive  Weeks  of  Practice 
and  After  Intervals  of  Disuse  as  Shown. 


To  mark 

a  r  s  i 

on  certain 

pages 

380 

Eleven 

records 

omitted 

240 

77  -days 
disuse 

246 

243 
247 
246 

236  days 
disuse 

246 

235 

Many 

weeks 

omitted 

200 

192 

23  days 

disuse 

198 

Seven 

records 

omitted 

177 

74  days 
disuse 

179 
176 
171 
174 

7  years 
disuse 


Loss 


To  trans- 

To trans- 

To  trans- 

late 100 

-               late  100 

late  100 

T            To  name  , 

French 

1-oss       German       Lo.-s 

English 

^°ss    ,(,0    parts  Loss 

words  into 

words    into 

words    into 

of  speech 

Ctrnian 

French 

French 

52.9 

52.5 

51.6 

61.9 

52.9 

46.4 

43-9 

58.0 

42.5 

53-3 

31  days 

31  days 

39-9 

50.2 

disuse 

disuse 

T7  days 

47.1 

46.7 

—6.2         43.2     —3.2 

disuse 

88  days 

46.2 

42.1 

disuse 

43-6 

40. 0 

428 

2.9 

39-2 

37-9 

37-8 

49-1        2 

36.7 

35-4 

390 

45  0 

33.6 

34-8 

39.4 

46.6 

33-5 

340 

46.0 

32.1 

340 

236  days 

46.7 

32.1 

ZiZ 

disuse 

44.0 

37-2 

34-8 

42.4 

33-3 

329 

39-1 

—  .3      40.4 

31-9 

34  4 

37.6 

39-3 

31.0 

36.6 

39-6 

"]"]  days 

T]  days 

2,7-1 

disuse 

disuse 

24   days 

34-1 

3.1         34.0     -2.6 

disuse 

35-3 

35-4 

34.4 

32.9 

38.6      0.9 

34.6 

33-4 

36.4 
37-0 

236  days 

236  days       ' 

34.8 

disuse 

disuse 

34-4 

33  0 

-1.6         31.2     —2.2 

350 

32.6 

33-0 

/ 

33  0 
32.9 

74   days 
disuse 

35-2      2.3 

1^-7 

32.9 

32.4 

32.1 

8  years 

8  years 

8  years 

7  years 

disuse 

disuse 

disuse 

disuse 

4S 


54.2       21.6         44.0       11.0        46.6         9.0       45.8     13.7 
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Naming  Parts  of  Speech. 

"The  stimulus  words,  a  hundred  in  number,  were  printed 
in  vertical  cokimns;  I  read  these  words  without  pronouncing 
them  mentally,  and  I  did  pronounce  mentally,  on  the  other 
hand,  the  words  substantive,  adjective.  Verb,  according-  as  1 
came  to  a  substantive,  an  adjective  or  a  verb."  ['02,  p.  338] 

The  same  page  for  marking,  same  hundred  words  for 
translation*  and  same  hundred  words  for  naming  grammati- 
cally, were  used  throughout.  The  abilities  or  functions  trained 
were  thus  very  narrow  ones. 

Bourdon  also  made  tests  with  counting  2,  4,  6,  etc.,  out 
loud  and  mentally;  with  counting  the  letters  in  a  text, 
two  by  two;  and  with  the  ergograph.  These  need  not  be 
reported  here. 

White  ['06]  tested  seven  pupils  of  the  second  grade  in 
multiplication  (4X3,  2X4,  4X4,  and  the  like)  in  June 
after  drill,  then  on  September  14  after  disuse  for  three 
months,!  and  finally  on  September  28  after  ten  drills  of  five 
minutes  each  (the  five  minutes  being,  as  I  understand  Dr. 
White,  for  the  class  as  a  whole  (not  for  each  pupil  individ- 
ually). Out  of  a  total  of  70  answers,  61  were  right  in  June, 
with  an  average^  time  required  of  3.4  seconds ;  on  September 
14,  45  were  right,  with  an  average  time  of  5.2  seconds;  on 
September  28,  55  were  right,  with  an  average  time  of  3.0 
seconds. 

Eight  pupils  of  the  seventh  grade  were  tested  with  ex- 
amples in  percentage  in  the  same  way.  In  June,  69  out  of 
eighty  answers  were  right,  the  average  time  being  1.5 
seconds;  on  Septeml)er  17,  after  three  months  disuse,  65  were 
right,  and  the  average  time  was  1.4  seconds.  A  test  on  Septemt- 
ber  27,  after  class  drills,  "showed  improvement  both  in  speed 
and  in  accuracy" — how  much  Dr.  White  does  not  state. 

*  Except  as  noted  above. 

t  Every  pupil  was  asked  whether  he  had  reviewed  the  subject  durii^ 
the  summer.     Everyone  said  he  had  not."     (White,  '10,  p.   186). 

t  Not  exactly  the  statistical  average,  but  a  measure  of  the  same 
significance. 
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Munn  ['09]  tested  the  permanence  of  some  of  the  gains 
described  on  page  198  and  199  after  approximately  five  months 
had  elapsed.  All  groups  showed  a  falling  off;  no  group 
had  regained,  by  the  last  ten  of  the  two  hundred  substitutions 
of  the  memory-test,  the  ability  it  had  acquired  in  the  practice 
five  months  before.  The  large  group  of  23  individuals  showed 
at  the  start  of  the  memory  test  an  abilits'  equal  to  that 
reached  on  the  third  day  of  the  original  test  (or  after  500 
substitutions  had  been  made,  or  after  about  15  minutes  of 
Avork)  ;  at  its  close  they  showed  an  ability  equal  to  that  reached 
by  the  eighth  day  of  the  original  practice  (or  after  1400 
substitutions  had  been  made).  The  other  groups  did  not  do 
so  well.     The  facts  in  detail  are  shown  in  Table  33. 

Table  33 

PERMANENCE  OF   IMPROVEMENT   IN   A    SUBSTITUTION    TEST    (AFTER    MUNN). 

Time  Required   per  20  Substitutions. 


Group 

I.  3 

H 

Original  Practice 

Test  after  s  months 

ISt 

1st 

Last 

Best 

ist         Last 

Entire 

^<5 

20 

200 

200 

200 

20            20 

200 

20  day  group 

23 

47.6 

Ai'A 

13-4 

134 

33.6        21.0 

28.4 

I    day    (one 

period) 

4 

537 

44 

317* 

21. 1 

607        337 

40.8 

I  day  (four 

periods) 

4^ 

44 

38/3 

17.0 

14.9 

45.0       28.0 

314 

2  day  group 

4 

53-5 

39/2 

18.2 

18.2 

41.0       29.0 

33  7 

5  day  group 

4 

90.6 

57/2 

17.I 

I7.I 

42.3        310 

34-3 

Bean  ['12]  studied  the  loss  of  skill  which  had  been  gained 
by  beginners  in  writing  with  the  typewriter  (by  the  touch- 
method)  a  number  (unstated)  of  series  of  seven  three-letter 
nonsense  words,  only  seven  letters  of  one  row  of  keys  being 
used  in  any  one  series.  A  certain  series  would  be  practiced 
on  a  given  day  and  then  would  be  written  again  after  i,  4, 
7,  14,  21,  28  or  35  days.  The  decrease  in  time  required 
from  the  beginning  to  the  end  of  practice  on  the  practice 
day   he  calls  the   gain   from   practice;   the  increase   in   time 

*  This  317   seems   to   have   been   due  to  some   special   cause  and   had 
perhaps  best  be  left  out  of  account. 

t  The  number  of  subjects  is  not  specifically  stated  by  Miss  Munn. 
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required  from  the  end  of  practice  on  the  practice  day  to  the 
memory  trial  he  calls  the  loss  from  disuse.  The  percentage 
of  the  gain  which  was  'lost'  averaged  for  five  subjects  16.7 
after  one  day,  32.3  after  four  days,  49.3  after  seven  days, 
55.5  after  fourteen  days,  71.5  after  twenty-one  days,  73.3 
after  twenty-eight  days,  and  84.9  after  thirty-five  days. 

After  the  learners  "became  able  to  locate  the  keys  readily 
they  practiced  until  groups  of  letters  began  to  become  units 
of  reaction  and  then  were  initiated  into  experiments  in  the 
second  stage,"  with  series  of  phrases  each  of  five  words. 

On  some  one  day,  after  'warming  up'  at  the  typewriter, 
such  a  phrase  would  be  written  thirty  times  with  30-second 
rests,  and  then  rewritten  three  times  after  i,  4,  7,  14,  21,  28 
or  35  days.  The  decrease  in  the  time  required  from  the  first 
three  to  the  last  three  of  the  thirty  is  the  'gain.'  The  increase 
from  the  last  three  of  the  thirty  to  the  three  of  the  memory 
test  is  the  'loss.'  The  percentage  which  the  loss  from  disuse 
was  of  the  gain  from  the  exercise  was  30.4  after  seven  days, 
61.9  after  fourteen  days,  76.0  after  twenty-one  days  and 
94.5  after  twenty-eight  days. 

These  results  were  for  beginners.  One  who  "had  reached 
the  expert  stage  in  typewriting  [whether  by  sight  method 
or  touch  method  is  not  stated]  but  was  out  of  practice  when 
he  began  to  serve  in  these  experiments"  manifested  in  the 
first  nonsense  writing  no  greater  speed  than  the  beginner,  but 
gained  more  and  lost  less  by  disuse.  His  percentages  of  losses 
on  gains  were  17.7  after  one  day,  25.3  after  four  days, 
29.0  after  seven  days,  4^.8  after  fourteen  days,  52.5  after 
twenty-one  days,  50.4  after  twenty-eight  days  and  55.9  after 
thirty-five  days.  In  the  second  experiment  in  writing  real 
phrases,  this  subject  gained  more  from  the  exercise  than  the 
beginner  and  lost  little  or  nothing  from  the  lapse  of  time. 

Wells  (in  a  paper  as  yet  unpublished)  h^s  measured  the 
permanence,  after  five  years,  of  tlie  improvement  made  in 
tapping;  and  the  permanence,  after  two  yeirs  and  ei-^ht 
months,  of  the  improvement  made  in  adding,  and  in  marking 
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o's  on  a  sheet  of  printed  figures.  An  individual  who,  in 
1907,  had  begun  with  a  score  of  about  193  and  173  taps  in 
five  seconds  (with  right  and  left  hand)  and  in  the  last  ten 
of  thirty  days  had  scored  on  the  average  218.6  and  206.4, 
was  retested  in  the  same  manner  for  ten  days  in  1912.  He 
then  scored  214.2  and  195.2  as  averages  for  right  and  left 
hand  for  these  ten  days,  the  very  first  day's  scores  being 
207  and  188  (approximately)  ;  and  the  last  day's  scores  being 
223  and  208  (approximately),  or  about  equal  to  his  best 
records  of  1907.  Six  individuals,  who  had  practiced  adding 
for  150  minutes  in  January  to  April,  19 10,  were  given  two 
tests  of  five  minutes  each  in  December,  191 2.  Their  average 
scores  (additions  for  five  minutes)  on  the  first  two  days  of 
the  original  practice  were  234  and  274.  On  the  last  day 
of  the  original  practice,  their  average  score  was  447.  On  the 
two  days  of  the  memory  test,  the  averages  were  343  and  375. 
In  the  number-checking,  the  corresponding  scores  were :  56 
and  y^i  <^'s  marked  per  minute  in  the  first  and  second  five 
minutes  of  the  original  learning:  107  in  the  last  five  minutes; 
and  74  and  80  in  the  first  and  second  five  minutes  two  and 
two-thirds  years  later. 

Kirby  ['13],  who  measured  the  improvement  made  by 
fourth-grade  pupils  by  sixty  minutes  of  practice  in  addition,* 
retested  many  of  these  pupils  with  a  fifteen-minute  period  at 
the  end  of  June.  This  was  from  three  to  twelve  weeks  after 
the  last  trial  of  the  regular  practice.  There  was  no  loss, 
or  more  properly,  no  more  loss  from  disuse  than  was  com- 
pensated for  by  the  fifteen  minutes  of  practice.  He  retested 
many  of  them  also  early  in  September  after  the  vacation.  In 
this  test  of  fifteen  minutes  the  pupils  did  not  do  so  well  as 
in  the  fifteen-minute  test  at  the  end  of  the  regular  practice 
or  in  the  test  at  the  end  of  June.  From  the  first  to  the 
last  fifteen-minute  test  of  75  minutes  of  practice  in  April 
and  May.  these  pupils  had  gained  about  15  examples.  In 
a  fifteen-minute  test  at  the  end  of  June  they  increased  this 

*  Under  the  conditions  described  on  page  203. 
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gain  to  about  17.  In  a  fifteen-minute  test  early  in  September, 
it  fell  to  10. 

From  20  to  45  minutes  of  drill  in  September  brought 
the  gain  back  to  about  its  status  at  the  end  of  the  original 
75  minutes  of  practice.  The  accuracy  remained  closely  tlie 
same  throughout. 

In  the  case  of  division,  pupils  who,  from  the  first  to  the 
last  lo-minute  period  of  sixty  minutes  practice,  had  gained 
35  examples,  maintained  and  slightly  increased  this  gain  in 
a  test  at  the  end  of  June  two  weeks  later.  In  a  lo-minute 
]>eriod  early  in  September,  this  gain  had  fallen  to  17^  ex- 
amples. From  15  to  35  minutes  of  drill  was  required  to 
bring  it  back. 

Dr.  Kirby  is  of  the  opinion  that  the  loss  between  June 
and  Septeml:)er  is  in  part  a  consequence,  not  of  the  mere 
disuse  of  the  functions  in  question,  but  of  a  general  rest- 
lessness and  unsteadiness  due  to  the  change  from  vacatioa 
habits  to  school  routine. 

GENERAL    CONCLUSIONS 

The  facts  of  the  previous  section  give  a  just  picture  of 
what  has  been  found  by  investigators  of  the  permanence  of 
improvement.  They  do  not  enable  us  to  give  any  simple 
comprehensive  account  of  the  rate  and  changes  in  the  rate  of 
deterioration.  Indeed  the  reader  may  complain  that  about 
the  only  facts  that  they  display  with  any  unanimity  and 
brilliancy  are  the  apparent  complexity  and  variability  of 
deterioration  by  disuse  and  our  lack  of  knowledge  about  it! 

These  facts  themselves  are  not  futile,  however.  What 
knowledge  we  have  and  what  we  lack  may  both  serve  to 
protect  us  against  assuming,  as  educational  practice  has  often 
done,  that  all  learning  wanes  after  the  fashion  that  learning 
of  the  informational  type  does,  and  against  assuming,  as. 
theorizers  about  practice  are  likely  to  do,  that  there  is  some 
magical  curve  of  forgetting  which  every   function  at  every 


THE    PERMANENCE    OF    IMPROVEMENT  325 

Stage  will  somewhat  closely  follow.  Further,  the  very  great 
diflference  between  the  effect  of  say  a  year's  disuse  upon  one's 
score  in  typewriting-  and  its  effect  upon  one's  score  in  re- 
citing a  nonsense  syllable  or  stanza  of  a  poem  emphasizes 
certain  important  facts  about  learning. 

Over-learning. — The  first  of  these  facts  is  that  over-learn- 
ing from  the  point  of  view  of  immediate  proficiency  may  not 
be  over-learning  for  proficiency  a  day  or  month  or  year  hence. 
It  is  well  known  that  in  learning  series  of  nonsense  syllables 
and  the  like,  more  time  is  required  to  learn  the  series  so  as 
to  be  able  to  give  it  twice  than  to  learn  the  series  so  as  to 
just  barely  give  it.  Radossawljewitsch  indulged  in  over- 
learning  if  learning  equals  "to  be  able  just  barely  to  give," 
and  the  greater  permanence  in  the  results  of  his  subjects  than 
Ebbinghaus  found  may  l^e  due  to  this.  Suppose  now  that 
a  series  had  been  still  further  over-learned,  being  repeated  say 
a  thousand  times.  It  would  then  have  shown  enormously 
greater  permanence. 

Now,  roughly  speaking,  typewriting  each  new  page  is 
over-learning  certain  of  the  features  of  writing  previous 
pages  (writing  'the'  'is'  'of  'he'  and  manipulating  the  spacer 
and  carriage,  for  example)  ;  typewriting  at  a  higher  rate  is 
over-learning  certain  of  the  features  of  writing  at  a  lower  rate 
(for  example,  a  combination  of  movements  that,  by  being 
occasionally  and  slowly  associated  with  seeing  'after  that  the' 
or  'in  the  midst,'  raised  speed  to  the  lower  level,  will  raise 
it  higher  by  being  invariably  and  quickly  associated  there- 
with) ;  typewriting  with  one  percent  of  errors  is  overlearning 
certain  features  of  'writing  at  the  same  rate  with  two  per- 
cent of  errors.'  The  practice  which  serves  to  form  a  few  new 
desirable  bonds  results  in  the  strengthening  of  many  old  ones 
in  ways  or  to  degrees  that  do  not  show  in  the  score  at  the 
time,  but  do  show  in  the  length  of  time  that  these  Ixjnds  will 
persist.  Over-learning  then  doubtless  accounts  for  a  part  of 
the  less  effect  of  disuse  on  the  score  in  the  case  of  the  type- 
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writing  of  Swift,  Schuyler  and  Book  than  on  the  score  in 
the  case  of  knowledge  of  nonsense  series,  poems,  and  vocab- 
ularies. 

Over-learning  is  an  important  fact  because  if  the  improve- 
ment of  any  one  of  the  functions  that  have  been  studied  in 
any  of  the  last  five  chapters  could  be  analyzed  into  its  ele- 
ments— into  the  bonds  that  have  been  added  and  subtracted — 
a  very  large  percentage  of  the  bonds  added  would  be  found 
to  have  been  at  any  stage  over-learned  in  the  sense  of  being 
stronger  than  was  needed  to  produce  the  score  produced  at 
that  stage,  all  other  bonds  remaining  as  they  were.  Thus, 
even  in  a  nonsense  series,  as  ordinarily  studied,  the  first  and 
last  syllables  are  a  little  over-learned  l)y  the  time  the  middle 
members  are  barely  learned.  In  telegraphic  receiving,  the 
bonds  connecting  certain  series  of  clicks  with  words  like 
'is'  'of  'the'  and  'and'  are  over-learned  by  the  time  that 
the  bonds  connecting  other  series  of  clicks  with  rarer  words 
are  barely  learned.  The  economical  arrangement  of  learn- 
ing depends  very  largely  on  the  extent  to  which  this  is  a 
waste  avoidable  by  better  methods  of  learning  and.  on  the 
other  hand,  the  extent  to  wliich  it  is  necessary  in  order  that 
the  bond  itself  may  hold  until,  in  the  future  course  of  practice, 
it  gets  added  exercise;  and  in  order  that  other  bonds  may 
be  more  easily  formed  and  retained. 

The  Possible  Advantage  of  Direct  Sensori-Motor  Bonds 
in  Permanence. — Tt  is  perhaps  the  case  that  functions  whose 
impro\-ement  consists  in  responding  more  surely  and  more 
quickly  l)y  some  movements  of  the  muscles  to  some  sense 
presentations  with  wliich  the  former  are  to  be  bound  with  few 
intermediaries,  retain  their  improvement  better  than  functions 
where  the  surety  and  speed  of  bc»nds  from  one  internally 
initiated  event  in  the  brain  to  another  are  the  main  facts  to 
be  improved.  Skating,  dancing,  swimming,  typewriting  in  an 
advanced  stage,  on  the  one  hand,  and  the  recital  of  poems  or 
nonsense  series,  knowledge  of  chemistry  or  geology,  the  ability 
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to  translate  English  into  German,  and  typewriting  at  the  begin- 
ning, on  the  other,  illustrate  and  suggest  this  contrast. 

It  is  possible  that  the  secondary  or  so-called  higher  con- 
nections in  the  nervous  system  which  correspond  to  the 
association  of  "ideas"  are  fundamentally  less  retentive  of 
modification  produced  in  them  by  learning  than  are  the  more 
primary  and  direct  neural  bonds  which  correspond  to  the 
association  of  sensory  situation  and  motor  response.  Know- 
ledge may  be  by  the  nature  of  man's  neurones  less  retainable 
than  skill.  Roughly,  as  a  matter  of  general  observation,  it 
seems  to  be. 

There  are  no  comparative  tests  of  the  permanence  of  im- 
provement in  two  functions  alike  in  all  respects  save  that  one 
of  them  is  composed  chiefly  of  direct  sensori-motor  bonds, 
while  the  other  is  composed  chiefly  of  'secondary'  or  'higher' 
or  'purely  mental'  bonds.  The  former  bonds  are  far  older  in 
the  race,  are  more  ready  to  act  in  most  men,  and  may  justly 
be  suspected  of  greater  inherent  permanence.  But  whether  the 
suspicion  will  be  verified  I  should  not  dare  to  prophesy. 

The  Relation  of  a  Function's  Organization  to  Permanence 
of  Improvement. — A  few  illustrations  will  serve  to  show  the 
possibility  that  the  organization  or  arrangement  of  a  function's 
bonds  might  be  influential  in  determining  the  effect  of  disuse 
upon  a  man's  score.  Contrast,  for  example,  the  ability  to  re- 
produce in  order  a  list  of  twelve  unrelated  words  (say,  here- 
after, president,  designate,  etc.)  with  the  ability  to  give  these 
same  words  when  the  German  words  which  they  trans- 
late are  presented, — supposing  the  series  and  the  twelve  pair- 
ings to  have  both  been  learned  by  mere  mechanical  repetition, 
and  to  be  tested  by  the  requests  "Give  series  23"'  and  "Give 

the  English  meanings  of etc.''     In  each  case 

there  are  twelve  main  bonds.  In  the  former  these  are  from 
series  2j  to  hereafter,  from  hereafter  to  president,  from 
presideyit  to  designate,  etc. ;  and  in  so  far  as  the  permanence 
of  the  ability   depends  on  these  main   bonds,   the  failure  of 
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any  one  of  them  reduces  the  score  from  that  point  on  to  zero, 
the  rest  of  the  chain  vanishing  with  the  broken  hnk.  In 
the  latter  case  the  main  bonds  are  independent,  each  being 
permitted  to  do  its  full  service  for  the  score.  On  the  other 
hand,  in  the  former  case  there  are  weaker  subsidiary  bonds 
between  the  'Series  2f  and  all  the  members,  between  each 
later  member  and  all  following  it.  and  even  slight  bonds 
leading  from  each  meml>er  to  those  closely  preceding  it. 

Apparently  these  subsidiary  lx)nds  do  not  serve  well 
enough  in  resisting  disuse  to  counterbalance  the  gain  due  to 
independent  action  of  each  main  bond.  For,  apparently,  if 
a  serial  twelve  and  twelve  pairs  are  each  learned  to  the  point 
of  one  or  two  perfect  tests,  the  former  will  be  sooner  for- 
gotten. 

Contrast  also  the  ability  to  iypcuritc  Latin  that  is  gained 
in  100  hours  study  by  an  English-reading  adult  with  the 
ability  to  translate  it  that  he  gains  in  an  ecjual  amount  of 
time  (lx)th  having  been  acquired  by  an  adult  who  knows 
English  well).  The  actual  number  of  bonds  is  perhaps 
greater  in  the  former  case,  since  each  letter  has  acquired  many 
different  movements  according  to  the  preceding  letters,  and 
each  word  of  many  hundreds  has  acquired  a  total  coordin- 
ation corresponding  to  it.  while  a  hundred  hours  of  trans- 
lation does  not  give  a  very  wide  vocabulary  or  knowledge 
of  forms.  But  in  the  former  case  the  bonds  help  each  other 
out  as  they  do  not  in  the  latter ;  the  bonds  with  words  are 
groupings  and  modifications  of  letter-habits ;  the  various  l3onds 
leading  from  the  same  letter  according  to  its  antecedents  in 
the  copy  are  variants  containing  common  elements.  The 
organization  by  roots  and  endings  does  somewhat  the  same 
service  for  translation,  but  to  nothing  like  the  same  extent. 

It  seems  likely  that,  apart  from  over-learning  of  any  one 
bond  as  a  total  and  apart  from  any  possible  superior  per- 
manence of  direct  sensori-motor  connections,  such  an  organ- 
ized hierarchy  of  bonds  consisting  of  new  combinations  of, 
and  minor  modifications  of,  old  elements,  would  resist  disuse 
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better  than  the  much  less  closely  knit  set  of  bonds  from  words 
to  meanings  which  a  hundred  hours  of  study  of  Latin  secures. 
This  effect  might  come  as  a  result  of  over-learning  certain 
elementary  components  of  bonds,  or  by  the  facilitation  of  one 
bond's  retention  by  the  retention  of  another,  in  subtler  ways. 

Learning  N^ot  to  Forget. — We  may  conceive  of  disuse 
as  a  combination  of  forces  which  attack  the  bonds  upon  which 
a  function's  efficiency  depends,  making  breaches,  as  it  were,  in 
the  walls  which  exercise  has  built  up,  or  conquering  certain 
outposts  and  redoubts  which  exercise  had  won.  We  may 
conceive  of  relearning  as  the  repair  of  these  breaches,  the  re- 
capture of  these  redoubts,  the  restoration  of  what  was  lost 
during  the  interval  of  disuse.  Now  if  the  attacks  of  disuse 
are  at  all  specialized,  relearning  will  be  profitable  in  propor- 
tion as  it  is  specialized — makes  repairs  where  needed.  The 
mere  allround  equal  strengthening  of  bonds  will  be  less  potent 
protection  against  future  attacks  from  disuse  than  a  special 
strengthening  of  those  spots  whose  weakness  has  been  shown 
by  their  surrender  to  past  attacks.  Relearning  what  has 
been  forgotten  will  then  tend  to  be  learning  what  is  most 
likely  to  be  forgotten  and  consequently  most  needs  to  be 
learned. 

Now  in  such  practice  as  the  typewriting  or  ball-tossing 
there  is  automatically  provided  by  the  conditions  of  the  work 
a  rather  large  amount  of  such  specialized  relearning.  Learn- 
ing is  guided  by  the  score.  The  learner  does  strengthen  his 
walls  especially  where  the  interval  since  the  last  practice  has 
torn  them  down;  for  otherwise  he  makes  less  progress.  He 
is,  by  the  guidance  of  the  score,  protected  somewhat  against 
unnecessary  over-learning. 

The  difference  between  his  learning  and  that  in  the  case 
of  memorizing  a  nonsense  series  is  partly  that  he  learns  not 
to  forget  by  relearning  what  has  been  forgotten  until  it  is 
so  well  learned  as  to  withstand  the  disuse  of  at  least  a  day  or 
90.     He  gTjards  against  future  attacks  by  unconsciously  trv- 
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ing  one  remedy  after  another  for  past  attacks  until  he  becomes 
able  to  withstand  them. 

In  learning  a  nonsense  series  that  can  barely  be  learned 
in  five  minutes,  ten  minutes'  worth  of  further  learning  is 
more  potent  for  future  permanence  if  it  is  applied  a  day  later 
than  if  it  is  applied  at  the  time,  and  still  more  potent  if  it 
is  applied  in  divisions  of  just  enough  time  to  releam  on 
successive  days.  There  are  several  factors  operative  in  pro- 
ducing this  effect,  but  the  application  of  exercise  so  as  to 
regain  what  has  been  lost  rather  than  promiscuously  is  almost 
certainly  one.  For  the  same  reason  the  concentration  of 
exercise  in  learning  vocabularies  upon  the  pairs  upon  which 
at  any  given  test  one  fails  is  economical  for  future  permanence. 

Deterioration  as  a  Result  of  Competition. — So  far  the 
effect  of  disuse  in  and  of  itself  has  been  our  concern.  But 
when  a  function  lies  idle  during  an  interval  of  time  its  situ- 
ations may  acquire  competing  bonds,  either  alternative  or 
opposite  to  those  constituting  the  function.  The  time  in  ques- 
tion is  occupied  somehow ;  and  the  future  fate  of  the  function 
depends  upon  how  it  is  occupied  as  well  as  how  long  it  is. 

The  situations  composed  of  the  typewriting  'set'  of  mind, 
being  seated  before  the  machine  with  copy,  and  the  special 
words  thereof,  for  example,  acquire  as  totals  no  alternative 
bonds;  also  their  old  bonds  are  little  interfered  with  by  what- 
ever bonds  the  words  of  the  copy  may  have  acquired  as  ele- 
ments in  other  total  situations  of  reading,  translating,  copying 
by  hand  and  the  like.  The  situations  composed  of  the  're- 
calling nonsense-series  set,'  sitting  before  certain  apparatus 
and  the  recall  of  the  several  syllables  of  designated  series 
also  acquire  as  totals  no  alternative  bonds  (provided  no  other 
series  involving  the  same  or  closely  similar  syllables  are 
learned  or  releamed  during  the  interval)  ;  but  their  syllable 
elements  are  probably  more  interfered  with  by  their  occur- 
rence in  different  series  in  reading  and  speech.  Tf  other 
nonsense  series  containing  some  of  the  same  or  closely  similar 
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syllables  are  learned  or  relearned  during  the  interval,  the 
interference  is  greater.  It  is  obvious  that,  other  things  being 
equal,  the  less  the  interference,  the  greater  will  be  the  per- 
manence over  the  same  interval. 

On  the  whole,  then,  the  scanty  and  apparently  inconsistent 
facts  about  the  rate  of  forgetting  and  changes  in  it  perhaps 
agree  in  revealing  that  the  amount  of  forgetting,  and  the  form 
of  the  curve  of  forgetting,  in  each  case,  are  consequences  of 
the  nature  of  the  bonds,  the  degree  of  over-learning  of  each, 
and  of  each  of  the  elements  of  each,  their  relations,  and  the 
competing  bonds  which  whatever  activities  fill  the  interval 
establish.  No  one  'curve  of  forgetting'  could  then  be  expected 
for  different  functions  at  similar  stages  of  advancement  or 
for  the  same  function  at  different  stages  of  advancement,* 
much  less  for  different  functions  at  different  stages  of  ad- 
vancement. 

The  great  contrast  between  the  effect  of  disuse  upon  one's 
score  in  typewriting  and  its  effect  upon  one's  score  in  know- 
ledge of  a  nonsense  series  does  not,  in  my  opinion,  bear 
witness  to  any  antinomy  in  memory.  Just  the  same  laws  of 
behavior  in  the  neurones  will  be  found  to  account  for  the 
slight  effect  in  the  one  case  and  the  great  effect  in  the  other. 
We  may  not  be  able  to  reconcile  the  two  sets  of  facts  by 
present  knowledge,  but  in  the  end  we  shall. 

The  principles  of  economical  versus  wasteful  over-learn- 
ing, of  using  preferred  versus  handicapped  bonds,  of  the 
organization  of  bonds,  and  of  protection  against  competing 
bonds  to  which  an  attempt  at  reconciliation  leads,  are  them- 
selves of  general  significance,  entirely  apart  from  their  suffi- 
ciency in  the  reconciliation. 

*  Nor  indeed  even  for  the  same  function  at  the  same  stage  of  ad- 
vancement in  respect  to  gross  score  made,  for  the  same  gross  score  might 
come  from  different  bonds,  or  from  the  same  bonds  but  with  overlearn- 
ing  differently  distributed  amongst  them,  or  from  bondJ?  more  or  less 
protected    against   the    interferences    of   ordinary   life. 


chapter  xi 

Improvement  in  Informational,  Appreciative, 
Analytic  and  Selective  Functions 

The  account  of  the  amount,  rate,  changes  in  rate,  con- 
ditions and  permanence  of  improvement  which  has  been  given 
has  been  confined  almost  exckisively  to  abihties  that  represent 
closely  organized  hierarchies  of  habits  (such  as  addition  or 
typewriting)  or  narrow  abilities  of  the  'formal'  type  (such 
as  numl)er-check-ing  or  the  judgment  of  weights  or  the  mem- 
orizing of  nonsense  series).  The  awkward  title  of  this  chapter 
suggests  four  notable  deficiencies  in  so  limited  an  account. 
The  knowledge  functions  such  as  are  represented  by  school 
courses  in  geography,  history,  parts  of  physics  and  chemistry, 
and  the  like,  have  l)een  slighted.  The  improvement  of 
attitudes,  interest  or  tastes  w^hich  should  be  an  important 
feature  of  all  school-learning,  and  which  is  considered  by 
many  judges  to  be  the  paramount  consideration  in  the  study 
of  drawing,  music,  and  literature,  has  been  almost  entirely 
neglected.  The  formation  of  responses  to  subtle  elements  and 
the  deliberate  selection  and  rejection  of  bonds  by  virtue  of 
thoughtful  consideration  of  their  consequences,  w^hich  w"e  try 
to  make  prime  features  of  learning  in  grammar,  geometry, 
economics,  parts  of  physics  and  chemistry,  and  to  cultivate 
somewhat  in  connection  with  all  learning,  have  been  hardly 
mentioned. 

It  is  true  that,  in  a  general  way,  what  holds  of  improve- 
ment in  the  cases  that  have  been  reported  will  hold  of  these 
functions  of  knowledge,  interest,  analysis  and  selective  infer- 
ential thought.  It  is  equally  true,  however,  that  special 
experimental  study  of  improvement  in  functions  of  these  four 
types  would  probably  reveal  important  differences  in  details. 

332 


ANALYTIC    AND    SELECTIVE    FUNCTIONS  333 

In  the  more  loosely  organized  hierarchies  of  intellectual 
habits,  such  as  commercial  geography  or  history,  it  appears 
probable  that  control  over  the  order  of  formation  of  the  bonds 
is  of  greater  consequence  than  it  is  the  case  of  typewriting, 
where  the  process  of  learning  itself  almost  compels  the 
learner  to  form  lx>nds  in  a  fairly  useful  order.  There  is 
also  no  practical  issue  concerning  an  active  limit  of  improve- 
ment in  the  knowledge  functions.  They  also  manifest  under 
ordinary  working  conditions  very  little  danger  of  over-learn- 
ing, but  much  of  under-learning — that  is,  of  establishing  the 
constituent  bonds  so  feebly  that  moderate  disuse  deprives  them 
of  any  serviceability  intrinsically,  or  as  preparatives  for  other 
similar  bonds,  or  as  material  for  selective  thinking. 

About  these  and  other  characteristics  of  informational 
learning,  however,  I  do  not  wish  to  ofifer  opinions  in  advance 
of  the  experimental  investigation  to  which  such  functions  will 
soon  be  subjected.  It  is  a  noteworthy  commentary  on  the 
newness  of  scientific  study  of  education  that  nolx)dy  has  yet 
measured  the  actual  progress  of  any  single  child  in  learning 
any  single  school  subject  for  over  a  month,  or  in  learning  any 
of  the  informational  subjects  for  even  a  week.  The  emptiness 
of  the  last  five  chapters  with  respect  to  such  learning  is  tiien 
an  unavoidable  consequence  of  the  lack  of  the  sort  of  verifi- 
able quantitative  knowledge  with  which  this  book  is  concerned. 
Psychology  has  not,  in  this  field,  yet  got  beyond  the  application 
of  such  general  principles  of  habit-formation,  memory,  and 
the  like  as  the  ordinary  manuals  of  psychology  and  teaching 
present. 

The  same  lack  of  investigations  to  be  reported  is  respon- 
sible for  the  neglect  of  learning  to  'be  interested  in'  a  field 
of  knowledge  or  a  mental  occupation,  or  'to  like'  good  reading 
and  good  music.  We  cannot  at  present  go  l^eyond  deductions 
from  the  general  laws  of  learning  and  the  organization  of 
common-sense  observations. 

Certain  analytic  and  selective  functions  have  been  made 
the  object  of  careful  study  by  Ruger  ['lo],  who  chose  'Learn- 
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ing  to  Solve  Mechanical  Puzzles'  as  his  topic  primarily  in 
order  to  observe,  under  experimental  conditions,  something 
like  the  learning  of  'originals'  in  geometry,  'problems'  in 
arithmetic  or  physics,  and  perhaps  even  more  like  the  rational 
handling  of  new^  situations  in  science,  business,  industry  and 
affairs. 

Various  facts  concerning  the  use  of  analysis  and  selection 
in  solving  puzzles  and  the  conditions  of  their  successful 
operation  might  have  been  quoted  in  the  previous  chapters, 
but,  there  being  only  this  one  extended  study  of  the  dynamics 
of  analysis  and  selection,  it  seemed  best  to  report  it  by  itself. 
I  therefore  quote  or  summarize  certain  portions  of  it. 

"The  present  study  is  an  attempt,  under  simplified  con- 
ditions and  w^ith  special  emphaijis  upon  the  motor  type  of 
process,  to  analyze  human  methods  of  meeting  relatively  novel 
situations  and  of  reducing  their  control  to  acts  of  skill.  It 
thus  involves  the  taking  of  practise  curves,  and  is  similar  to 
the  studies  previously  made  by  other  investigators  in  learn- 
ing processes  such  as  the  acquisition  of  telegraphy  or  of 
shorthand,  of  a  foreign  language,  of  skill  in  typewriting  and 
in  tossing  balls,  etc.  It  differs  from  these  studies,  however, 
in  that  the  original  situation  is  distinctly  of  the  problem  type, 
and  in  that  the  acquisition  of  skill  in  the  succeeding  manipu- 
lations also  involves  the  problem  type  of  consciousness  to  a 
very  considerable  degree."     ['lo,  p.  i.] 

The  terms  Analysis  and  Variation,  which  appear  often 
in  Ruger's  discussions,  he  defines  as  follows: 

"The  term  'analysis'  is  used  very  broadly  for  the  whole 
process  of  mental  emphasis,  the  setting  up  of  an  hypothesis 
on  the  basis  of  this  emphasis,  and  the  various  ways  of  testing 
the  hypothesis.  It  would  include,  at  one  extreme,  the  case 
where  the  entire  process  is  in  terms  of  ideas,  where  the  think- 
ing is  highly  symbolic  and  complex,  and  where  the  testing 
is  also  done  by  further  thinking,  and,  at  the  other  extreme, 
the  case  where  there  is  a  simple  noticing  of  a  variation  taking 
place  unpremeditatedly  and  its  purposive  completion  or  later 
adoption. 

"  The  term  'variation'  was  used  in  the  statement  just  given 
concerning  the  term  'analysis'     It  is  used  for  the  whole  set 
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of  conscious  or  'unconscious'  changes  in  methods  of  attack 
which  might  in  any  way  be  considered  novel.  A  process  of 
'analysis'  would  be  a  'variation,'  but  there  might  be  vari- 
ations which  would  not  be  analyzed."      ['lo,  p.  6] 

Analysis 

It  became  evident  that  the  abstraction  of  an  element  or 
aspect  or  relation  might  occur  in  different  degrees  of  explicit- 
ness  or  adaptability  to  entrance  as  a  situation  or  response  in 
the  bonds  to  be  made ;  that  more  or  less  of  the  problem  offered 
by  a  puzzle  might  be  analyzed  into  an  orderly  hierarchy 
of  defined  relevant  facts;  that  the  analysis  might  come  as  a 
product  of  manipulation  or  might  precede  and  direct  the  man- 
ipulation; and  that  the  analysis  might  rise  directly  out  of,  and 
remain,  as  it  were,  attached  to,  the  sensory  perception  of  the 
puzzle,  or  might  come  as  the  product  of  the  inner  consideration 
of  some  mental  reconstruction  of  the  problem,  for  example, 
in  words.     Of  these  features  of  the  learning  Ruger  writes : 

"(i)  Explicitness  and  Results. — These  are  classified  to- 
gether because  the  latter  may  usually  be  taken  as  a  measure 
of  the  former.  There  is  a  wide  range  of  variation  in  felt 
clearness  from  the  extremely  vague  to  the  perfectly  clear. 
This  range  of  felt  clearness  is  matched  by  difference  in  results. 
Some  of  these  differences  stated  in  terms  of  clearness  or 
results  or  both  are  as  follows:  (a)  Vague  feeling  of 
familiarity  when  the  variation  chances  to  occur  again,  (b) 
explicit  recognition  of  the  variation  when  it  recurs,  accom- 
panied by  anticipation  of  it  on  experience  of  its  immediate 
antecedent,  (c)  ability  to  image  it  factually  in  part,  (d)  ability 
to  image  it  completely,  (e)  ability  to  describe  it  verbally, 
(f)  ability  to  use  it  in  novel  combinations  and  to  state  a 
general  formula  for  its  use  under  varying  conditions. 

(2)  Extent. 

"(a)  Partial.  One  of  the  most  significant  forms  of  partial 
analysis  met  with  was  the  picking  out  of  the  portion  of  the 
puzzle  to  be  attacked.  .  .  .  Such  'locus'  analysis  is  followed 
by  an  abrupt  drop  in  the  curve,  owing  to  the  immediate  elimi- 
nation of  random  movements  connected  with  other  parts  of  the 
figure.  .  .  . 
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"(b)  Schematic.  In  some  cases  the  subject  would  glimpse 
the  main  line  of  attack,  the  general  plan  of  solution,  but 
without  having  analyzed  the  steps  in  detail. 

"(c)  Total.  This  covers  the  cases  where  the  analysis 
reaches  all  the  steps  or  elementary  movements.  The  cases 
included  may  be  subdivided  according  to  the  degree  of  unity 
obtained   in   the  organization  of   these  elements. 

"In  some  cases  the  whole  process  remains  merely  a  series 
of  different  steps  arbitrarily  following  each  other. 

"In  other  cases  a  low  grade  unity  is  obtained  by  noticing 
that  the  steps  follow  each  other  in  a  sort  of  rhythm  with 
perhaps  an  approximate  reversal  of  movement. 

"In  still  other  cases  the  entire  series  of  transformations 
is  combined  into  a  single  construction,  perhaps  of  the  factual 
image  type,  and  in  yet  higher  forms  a  general  formula  may 
be  substituted  for  this  working  image.  .  .  . 

"(3)  Time  Relations  to  Motor  Variations. — As  stated  in 
the  introduction,  a  process  of  analysis  may  be  looked  upon  as 
a  variation,  but  the  variations  chiefly  discussed  in  this  study 
are  of  the  motor  type.  The  relations  of  these  two  types  of 
variation,  acts  of  analysis  and  motor  responses,  may  be  quite 
varied,  especially  as  to  time  relations.  At  one  extreme  is 
the  motor  variation  wln'ch,  perhaps,  brings  success  but  which 
runs  its  course  unnoticed.  At  the  other  extreme  the  analysis 
may  come  first  and  only  after  a  considerable  interval  be 
followed  by  the  motor  response.  Again,  the  analysis  and 
the  motor  variation  may  be  simultaneous  and  yet  clearly  dis- 
tinguishable, a  flash  of  insight  and  a  motor  impulse.  In  other 
cases  the  analysis  occurs  at  some  point  in  the  course  of  the 
motor  variation.  A  movement  may  be  started  either  un- 
consciously or  without  any  realization  of  its  significance,  then 
the  perception  of  its  significance  may  come,  and,  if  not  too 
late,  the  course  of  the  movement  may  be  continued  purposely. 
This  simple  process  of  noticing,  even  vaguely,  the  significance 
of  a  movement  begim,  and  •  its  purposive  continuance,  is 
essentially  similar  to  the  complex  forms  of  hypothesis  making 
and  testing.  The  technique  of  acquisition  of  skill  in  manipu- 
lation is,  in  these  humble  cases,  best  described  not  as 
contrasting  with  the  complex  thinking  processes,  but  rather 
as  in  striking  accord  with  them.  In  each  case  we  have  a 
variation  set  up  as  an  hypothesis,  tested  and  accepted  for  con- 
trol purposes  or  rejected  as  the  case  may  be."     ['10,  p.  10  ff.] 
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This  description  of  the  varieties  in  the  process  of  organ- 
ization, by  educated  adults,  of  the  gross  situation  furnished  by 
a  mechanical  puzzle  into  a  more  or  less  definite  aggregate 
of  elements  and  relations  so  that  response  can  advance  beyond 
such  mere  fumbling  as  a  monkey  might  display,  is,  I  think, 
a  very  true  description  of  the  new  ways  in  which  children 
meet  the  problems  of  arithmetic  and  grammar,  new  varieties 
of  sentences  to  be  translated,  or  the  'originals'  of  geometry. 
The  clean-cut  procedures  described  in  logic  books  or  peda- 
gogies of  the  systematizing  type  they  do  not  habitually  indulge 
in,  nor  perhaps  would  they  use  profitably  if  they  did.  They 
reach  the  stages  of  knowing  the  right  thing  to  do  without 
knowing  exactly  why  it  is  right,  of  knowing  it  without  being 
able  to  state  in  verbal  terms  what  it  is  that  they  know,  and  of 
knowing  it  only  in  the  sense  of  "vague  feelings  of  familiarity" 
with  it  as  somehow  or  other  appropriate  once  they  have  done 
it.  Such  incomplete  analyses  the  pedantic  or  over-systematic 
teacher  may  scorn,  but  they  represent  real,  and  perhaps 
necessary,  stages  toward  the  completely  codified  comprehen- 
sion of  the  issue  that  he  desires.  They  also  use  analysis 
here  and  there  in  spots  without  doing  so  in  other  spots  so 
susceptible  of  it  that  the  teacher  who  is  expert  in  the  matter 
can  hardly  restrain  the  convinction  that  they  wilfully  avoid 
thinking. 

The  Production  and  Selection  of  Variations 

Useful  variations  in  the  learner's  responses  to  a  puzzle 
come  "altogether  unpremeditatedly"  in  many  cases,  but  their 
use  is  greatly  increased  if  they  are  themselves  responded  to 
by  analyses,  systematic  testing  and  the  like.  The  extent  to 
which  they  come  and  are  noticed  and  used  when  they  do  come 
is  found  to  vary  not  only  with  the  learner's  general  physical 
condition,  and  attitude  of  hopeful  matter-of-fact  effort,  but  also 
with  the  special  mental  set  constituted  by  the  assumptions  about 
the  puzzle  to  which  the  learner's  previous  experience  led  him. 
Those  who  put  the  processes  of  variation  and  selection  to  work 
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on  their  assumptions  about  the  puzzle  as  well  as  on  the  direct 
manipulation  of  it  found  therein  a  very  valuable  aid  in  solv- 
ing it. 

The  formal  logical  devices  for  stimulating  variations  (as 
by  trying  to  'exhaust  the  field')  and  for  selecting  from  them 
(as  by  the  dilemma)  seem  to  have  been  of  very  minor  im- 
portance compared  with  the  concrete  sense  of  the  space  re- 
lations of  the  parts  of  the  puzzle  under  various  transform- 
ations, and  of  the  consequences  attached  to  each  of  these 
relations. 

Of  the  more  general  rational  control  and  direction  of 
activity,  as  by  "rendering  hypotheses  explicit  and  at  the  same 
time  kee])ing  them  flexible  .  .  .  active  search  for  new  points  of 
view  .  .  .  employing  some  form  of  registration  so  as  to  avoid 
mere  re})etition  .  .  .  rapid  evaluation  of  different  possibilities 
and  testing  the  ones  selected,  Ruger  notes  that  they  are  not 
substitutes  for  the  *'perce])tions  and  insights"  themselves,  but 
are  "important  means  of  stimulation  and  control." 

The  vividness  and  fidelity  of  visual  imagery  of  the  puzzle 
or  parts  of  it  in  new  spatial  arrangements,  on  the  other  hand, 
seemed  to  be  of  no  consequence  as  an  aid  to  thought.  The 
concrete  sense  for  what  has  happened  or  will  happen  as  a 
result  of  transformations  in  three  dimensions  that  counts  so 
much  in  this  work  is  nowise  dqiendent  upon  high  status  in 
factual  images  of  things  as  seen. 

The  Practice  Curz'cs  in  Solving  Pu!:zles 

The  curves  of  learning  in  the  case  of  the  puzzles  are 
instructive  when  examined  in  connection  with  the  actual  pro- 
cedures of  the  learner  at  each  point.  Such  comparisons  of  the 
learner's  behavior,  qualitatively  considered,  with  the  score 
made  by  him,  cannot  Ije  given  here.  The  general  form  of 
the  curves  of  learning,  in  the  solution  of  a  somewhat  difficult 
puzzle,  may,  however,  be  examinetl  briefly.  As  drawn  by 
Ruger,  following  the  custom  established  by  usage  in  repre- 
senting animal  learning,  they  would  be  as  in  Figs.    133,   134 
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Fig.  133.  Schema  of  the  Form  of  the  Curve  of  Improvement  in  Solving  a  Mech- 
anical Puzzle:  Improvement  by  One  Irsight.  Each  fiftieth  of  an  inch  on  the 
abscissa  equals  approximately  one  "Trial.'  The  height  of  tke  curve  represeats 
die   time    required   to  solve   the   piizzle. 
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PfCB.  1 34  and  135.  Schemata  of  the  Form  of  the  Curve  of  Improvement  in  Solring 
a  Mechanical  Puzzle :  Improvement  by  Four  Insights.  Each  fiftieth  of  an  inch  on 
the  abscissa  equals  approximately  one  "Trial.'  The  height  of  the  curve  represents 
the  time  required  to  solve   the  puzzle. 
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and  135,  in  which  the  heights  represent  the  times  required 
for  solution  of  the  puzzle  in  successive  trials  and  each  unit 
of  the  abscissa,  represents  one  trial.  The  sudden  drops  repre- 
sent happy  variations  preserved  by  their  success  alone  or,  and 
far  more  often,  by  being  comprehended  and  fixed  in  thought 
so  as  to  be  deliberately  defined  and  sought  after  in  the  next 
trial.    Where  solution  depends  on  a   single  insight,   there  is 
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Fig.  136.  The  curve  of  Fig.  133  when  so  scaled  that  each  fiftieth  of  an  inch  on 
the  abscissa  equals  one  minute,  and  that  the  height  of  the  curve  represents  the 
number  of  solutions  of  the  puzzle  per  25  minutes.  (Part  of  the  curve  at  the  right 
is  omitted.) 

one  main  drop  as  in  Fig.  133.  If  it  requires  several  insights 
for  separate  features  of  it,  there  may  be  several  drops  as  in 
Figs.  134  and  135. 

This  method  of  presenting  progress  in  analytical  and 
selective  learning  rather  conceals  some  of  the  facts  which 
appear  when  we  consider  the  learning  in  the  same  way  as  has 
been  done  hitherto  in  this  volume,  namely,  with  the  abscissa 
scaled  for  equal  units  of  time  spent  and  the  heights  above  it 
representing  the  amount  of  product  of  a  given  quality  pro- 
duced per  unit  of  time.  The  curves  of  Figs.  133,  134  and 
135  would  then  become  the  curves  shown  in  Figs.  136,  137 
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Fig.  137.  The  curve  of  Fig.  134  when  so  scaled  that  each  fiftieth  of  an  inch  on  the 
abscissa  equals  one  minute,  and  that  the  height  of  the  curve  represents  the  number  of 
solutions  of  the  puzzle  per  25  minutes.     (Part  of  the  curve  at  the  right  is  omitted.) 
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Fig.  13R.  The  curve  of  Fig.  135  when  so  scaled  that  each  fiftieth  of  an  inch  on  the 
abscissa  equals  two  minutes  and  a  half,  and  that  the  height  of  the  curve  represents 
the  number  of  solutions  of  the  puzzle  per  25  minutes. 
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and  138.*  These  latter  show  at  once  that  the  enormous 
apparent  rapidity  of  learning  suggested  by  Figs.  133,  134  and 
135  is  in  part  spurious. 

The  sudden  gain  due  to  the  analysis  of  a  gross  situation 
into  its  constituent  elements  and  the  selection  and  control 
of  the  element  essential  for  success  is  seen  clearly  in  these 
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Fig.  139.  Improvement  of  Rd.  with  a  Certain  Puzzle.  Equal  lengths  on  the  abscissa 
represent  equal  amounts  of  time  spent  in  practice;  the  height  of  the  curv« 
represents  the  number  of  solutions  of  the  puzzle  per  unit  of  time. 

curves;  and  also  the  long  period  of  study  by  which  the  in- 
sight is  reached.  Real  curves  of  this  sort,  computed  from  some 
of  Ruger's  results,  are  shown  in  Figs.  139,  140  and  141. 
The  appearances  which  Figs.  139,  140  and  141  would  have, 
if  represented  after  the  fashion  of  Figs.  133,  134  and  135, 
are  shown  in  Fig.  142 

*  In  these  also  there  is  a  certain  inadequacy,  in  that  the  long  period 
of  an  early  solution  is  represented  as  all  contributing  equally  to  the 
pruduction  of  the  one  product,  whereas  part  of  the  time  was  perhaps 
wasted.  All  gross  curves  of  learning,  however,  have  this  quality,  which 
is  not  a  defect  so  long  as  it  is  understood. 
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Improvement  of  Tz  with   a  Certain  Puzzle,     Arrangement   as  in  Fig. 
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Figs.  142  A  B  and  C  show  the  facts  of  Figs.  139,  140  and  141,  when  equal  lengths 
of  the  abscissa  represent  equal  numbers  of  solutions  of  the  puzzle,  and  when  the 
height  of  the  curve  represents  the  time  required  to  solve  the  puzzle.  A  repe.;ts 
the  facts  of  Fig.  139;  B  repeats  the  facts  of  Fig.  140:  C  repeats  the  facts  of 
Fig.   141. 
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In  these  experiments  by  Ruger  the  effect  of  the  intellectual 
analysis,  variation  and  selection  has,  added  to  it,  some  effect 
from  the  acquisition  of  mere  manipulative  skill.  Also,  the  fact 
of  a  limit  of  ability  is  not  shown  by  his  results,  since 
he  did  not  continue  the  practice  after  the  manipulations  were 
fairly  mastered.  If  practice  had  been  continued,  the  curves 
would  soon  have  bent  around  sharply  and  been  approximately 
horizontal  thereafter.  Figs.  139,  140  and  141  would,  that  is, 
show,  as  totals,  forms  roughly  like  the  form  of  Fig.  143. 


Thiic  si)ent  in  practice. 
I'iG.   143.     The  Probable  General  Total  Form  of  Fics.  130,  140  and  141,  with  Continued 

Practice. 

Substantially  simikr  curves  would  be  found  if  children 
wdio  had  hitherto  found  the  sum  of  forty  twenty-fives  by 
writing  the  25s  in  a  column  and  adding  them,  should  be  taught 
how  to  multiply.  There  would  be  a  great  gain  l)y  the  new 
principle  and  method  followed  by  further  gains  due  to  the 
acquirement  of  speed  and  surety  in  the  new  manipulation. 

The  curves  for  analytic  and  selective  learning  seem  in 
sharp  contrast  to  those  familiar  to  us  in  the  pages  of  this 
volume.  The  former  make  a  sudden  jump,  the  latter  rise 
gradually.  The  former  show  their  sudden  rise  after  a  period 
of  little  or  no  progress ;  when  the  latter  vary  from  a  straight 
slope  they  vary  toward  a  rapid  initial  rise  followed  by  slow 
progress.      This   contrast   conceals,   however,    a    fundamental 
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similarity  which  deserves  explanation  since  the  facts  whicli 
show  it  have  additional  value  as  exercises  in  the  quantitative 
study  of  improvement. 

Consider,  therefore,  the  curve  of  learning  in  the  supposed 
case  of  a  function  improvement  in  which  consists  in.  say,  ten 
such  acts  of  selective  learning  as  would  singly  be  learned 
as  shown  in  Fig.  144. 

Suppose,  first,  that  all  ten  are  learned  before  any  one  is 
tested,  somewhat  as  one  might  learn  all  th.e  grammar  of  a 
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Fig.  144.     Supposed  Case  of  Learning  by  One  Single  Insight. 

language  before  beginning  to  translate  a  word  of  it,  or  might 
learn  all  the  laws  of  physics  before  Ijeginning  to  solve  a 
single  problem  applying  any  one  of  them.  Suppose  in  fact 
that  all  are  being  learned  abreast  so  that  their  total  effect 
on  the  score  is  manifested  at  one  time.  Then  we  have  Fig. 
145,  which  is  like  Fig.  144  except  that  the  long  period  of 
low  score  is  now  ten  times  as  long  and  the  raise  thereafter 
is  ten  times  as  high. 

Suppose,  in  the  second  place,  that  they  are  learned  ab- 
solutely separately,  no  new  one  being  begtm  till  the  last  one 
has  been  learned.     We  then  have  Fig.   146. 
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Fig.    145.      The   Curve  of   Improvement  of   a   Function   Whose   Improvement   Consiate 
of  the  Simultaneous  Learning  of  Ten  Insights  Such  as  That  of  Fig.   144. 
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Fjg.    146.      The    Carve   of   Improvement   of    a    Function    V/hose    Improvement   Consistt 
ol  the  Succeseive  Learning  of  Ten  Insights  Such  as  That  of  Fic   144. 
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These  two  limiting  cases  show  that  objectively  —  to 
external  observation  —  analytic  and  selective  thinking  is 
characterized  quantitatively  by  a  somewhat  long  period  of 
zero  improvement  in  the  score  followed  by  a  sharp  rise.  And 
this  fact  common  observation  of  such  learnings  also  verifies. 

This  fact  seems  rather  to  support  the  essential  contrast 
between  the  objective  results  of  learning  by  'insight'  and 
learning  by  the  mere  formation  of  gross  bonds.     Observe, 
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Fic.  147.  The  Curve  of  Improvement  Approximated  by  a  Function  Whose  Improve- 
ment Consists  of  the  Successive  Learning  of  a  Tliousand  Insights.  (Each  of 
these  insights  is  supposed  to  be  attained  in  .5  of  v  anit  of  time,  and  to  contribute 
.25  of  a  unit  of  increase  to  the  score.) 

however,  that  the  second  case  can  be  made  to  look  like  any 
one  of  our  straight-slope  practice  curves  if  the  number  of 
insights  is  greatly  magnif-ed.  Let  a  same-sized  diagram  tell 
the  story  of  a  thousand  such  delayed  arrivals  at  sudden  gains, 
and  the  result  would  be  a  minutely  divided  'staircase'  indis- 
tinguishable from  Fig.   147. 

Observe  conversely  that  if  we  could  draw  the  curve  for 
the  formation  of  a  single  very  elementary  neural  bond  such 
as  contributes  to  the  improvement  of  telegraphy  or  typewriting 
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or  addition,  it  is  not  at  all  certain  that  it  would  show  negative 
acceleration  or  a  straight  slope.  Perhaps  it  too  would  be 
found  to  be  formed  after  a  relatively  long  period,  say  a  fourth 
of  a  second,  of  unsuccessful  neural  experimentation,  followed 
by  the  actual  forming  of  the  bond  in  say  a  fortieth  of  a  second. 
The  bonds  that  are  part  way  between  such  a  supposed  atom- 
bond  and  the  bond  between  a  puzzle  situation  and  the  response 
that  solves  it  certainly  often  show  this  same  long  period  of 
no  direct  effect  on  the  score  followed  by  a  sudden  gain.  In 
the  early  work  of  a  substitution  test  the  sight  of,  say,  a  is 
followed  by  two  or  three  seconds'  search  over  the  keys  during 
which  the  score  is  at  a  standstill ;  then  when  a  is  found 
to  be  25  and  25  i.s  written  the  score  jumps  by  one  point. 
In  early  typewriting  by  the  touch  method  the  same  thing 
occurs.  If.  in  fact,  in  a  substitution  test  one  first  studied 
the  whole  situation  until  one  could  master  it — that  is,  if  one 
first  learned  the  key  perfectly — the  curve  of  improvement 
would  be  substantially  the  same  as  in  b^iG.   145. 

There  is  thus  objectively  much  le<s  difference  between  a 
single  analysis  or  inference  and  a  single  associative  bond,  or 
between  learning  by  a  series  of  analyses  or  inferences  and 
learning  by  a  series  of  associative  bonds,  than  appears  super- 
ficially to  be  the  case.  The  successful  variations  are  likely 
to  come  in  either  case  after  a  relatively  long  period  of  varied 
reaction.  This  may  be  obvious  to  external  observation,  as 
in  solving  puzzles  and  touch  typewriting;  or  it  may  be  a  hidden 
fact  of  activity  in  the  neurones.  Its  coming  makes  in  either 
case  a  relatively  great  gain  in  the  score. 

The  discrepancy  between  the  amount  of  time  spent  with- 
out direct  effect  on  the  score  and  the  amount  of  effect  on 
the  score  when  it  does  come  may  of  course  be  much  greater 
in  the  highly  analytic  and  selective  learning.  A  learner  may 
even  think  on  a  problem  for  a  hundred  hours  and  solve  it 
thereafter  in  ten  seconds.  The  difference  exists,  but  it  seems 
to  be  one  of  degree.  When  a  learner  spends  three  or  four 
hours  in  thinking  over  a  puzzle  trying  out  the  movements 
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actually  or  in  thought  only  and  observing  their  consequences 
perceptually  or  in  thought,  and  only  at  the  end  of  that  time 
finds  a  response  that  improves  his  score,  he  is  spending  much 
time,  first  in  forming  bonds  which  are  of  value  on  the  score 
only  indirectly  by  making  the  desirable  bond  more  likely  to 
be  formed,  and  second  in  eliminating  undesirable  bonds  the 
effect  of  whose  elimination  is  also  to  make  the  desirable  bond 
more  likely  to  be  formed.  When  the  beginner  at  addition 
thinks  "5  and  9,  is  it  12,  no,  5  and  7  are  12,  is  it  14,  5  and 
9  is  10  and  4,"  and  then  accepts  the  14,  or  even  when  there 
is,  hidden  from  external  observation,  a  variation  and  vacillation 
in  his  neurones'  activity  before  they  'settle  down'  to  the  con- 
nection paralleling  the  14  response,  he  does  the  same  sort  of 
thing. 

There  are  other  aspects  of  the  curves  of  learning  in  the 
case  of  puzzles  which  suggest  certain  speculations  of  possible 
value,  but  I  have  already  gone  too  far  beyond  the  proper 
function  of  this  chapter,  which  was  to  state  some  of  the  results 
of  Ruger's  study  and  to  note  the  absence,  otherwise,  of 
quantitative  studies  of  informational,  appreciative,  analytic 
and  selective  learning:. 


chapter  xii 

The  Influence  of  Improvement  in  One  Mental  Func- 
tion UPON  THE  Efficiency  of  Other  Functions 

facilitation  and  inhibition 

The  bonds  whose  strengthening  and  weakening  constitute 
the  changes  in  condition  of  mental  functions  in  a  man  are 
not  each  utterly  indei^endent  of  the  rest,  but  are  related  to 
form  the  obvious  dynamic  unity  which  the  intellect,  character, 
taste  and  skill  of  any  one  man  displays.  What  haj^pens  to 
any  one  Iwnd  makes  differences  to  other  bonds  in  the  same 
man  that  it  does  not  make  to  those  bonds  in  a  different  man. 
The  amount  of  difference  made  ranges  from  cases  where  a 
change  in  one  bond  causes  or  constitutes  an  almost  equal 
change  in  another  to  cases  where  the  change  in  one  produces 
approximately  zero  changes  in  the  other.  The  nature  of  the 
difference  made  ranges  from  cases  where  the  whole  effect  of 
the  strengthening  or  weakening  of  one  bond  acts  to  produce 
a  corresponding  effect  on  another  to  cases  where  the  whole 
effect  of  its  strengthening  is  to  weaken,  and  of  its  weakening 
to  strengthen,  the  other. 

We  may  use  the  terms  facilitation,  reinforcement,  assist- 
ance or  positive  similar  change  for  cases  where  a  strengthening 
of  one  bond  produces  more  or  less  strengthening  in  another, 
and  the  term  negative  similar  change  for  cases  where  a 
weakening  of  one  bond  produces  more  or  less  weakening  in 
another.  It  is  probable  that  a  relation  of  positive  similar 
change  l>etween  two  bonds  implies  the  existence  of  the  relation 
of  negative  similar  change  between  them.  We  may  use  the 
terms  inhibition,   opposition  or  positive  opposite  change  for 
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cases  where  a  strengthening-  of  one  bond  produces  more  or 
less  weakening  of  another,  and  the  term  negative  opposite 
change  for  cases  where  the  weakening  of  one  bond  produces 
more  or  less  strengthening  in  another.  It  is  probable  that 
the  former  relation  between  two  bonds  implies  the  latter  also. 
The  terms  facilitation,  reinforcement  and  inhibition  have  been 
somewhat  specialized  in  use  by  psychologists  so  that  the  un- 
ambiguous similar  change  and  opposite  change  are  the  safest 
to  use. 

I  shall  in  general  restrict  discussion  to  the  positive  actions, 
since  whatever  general  theory  accounts  for  them  probably 
accounts  for  the  corresponding  effect  of  the  weakening  of  the 
one  bond  upon  the  other. 

Similar  Change 

The  strengthening  of  one  bond  produces  a  similar  change 
in  another  when  the  two  are  in  part  identical — when,  that  is, 
the  two  situations  are  in  part  identical  and  these  identical 
elements  in  the  situations  have  (in  toto  or  in  respect  to  some 
of  their  elements)    identical  responses  bound  to  them. 

We  may  distinguish  the  following  amounts  of  identity : 

Entire  Similar  Change  by  Composition  of  Totah. 

The  bonds  A  B  C->"  i,  2,  3,  and  X  Y  Z ->- 48,  49,  50, 
being  strengthened,  the  lx)nd  A  B  C  X  Y  Z ->-  i,  2,  3,  48, 
49,  50  is  strengthened.  Thus,  learning  that  □  is  square  and 
that  a  certain  appearance  is  black  facilitates  the  learning  that 
H   is  a  black  square. 

Partial  Similar  Change  by  Insertion  of  Totals. 

The  bond  A  B  C ->-  i.  2.  3  being  strengthened,  the  bond 
A  B  C  X  Y  Z ->-  I,  2,  3,  48,  49,  50  is  strengthened.  Thus, 
know  ing  the  meaning  of  half  of  a  coinpound  word  facilitates 
the  learning  of  -the  entire  word's  meaning. 

Entire  Similar  Change  by  Composition  of  Elements. 

The  bonds  A  B  C-V  i,  2,  3  and  X  Y  Z ->- 48,  49,  50 
l)eing  strengthened,  the  bond  A  X->-i.  48  is  strengthened. 
Thus,  phonic  drills  with  sit,  sat,  stw,  say,  saw,  some  and  with 
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pick,  lick,  kick,  Dick,  facilitate  the  process  of  learning  to  read 
sick. 

Partial  Similar  Change  by  Insertion  of  Elements. 

The  bond  A  B  C->-  i,  2,  3  being  strengthened,  the  bond 
A  X  Y->-  I,  48,  49  is  strengthened.  Thus,  the  first  half  of 
the  drills  just  mentioned  would  be  beneficial  alone. 

In  the  illustrations  used  for  these  four  cases,  the  com- 
position out  of  old  bonds  or  the  insertion  of  an  old  bond 
is  fairly  easy  to  deduce  from  easily  observable  behavior;  but 
such  dependence  of  one  situation-response  bond  upon  others 
may  be  to  any  extent  a  hidden  event  within  man's  neurones. 

As  a  consequence,  there  may  be  Similar  Change  of  bonds 
due  to  identities  that  are  beyond  our  direct  cognizance;  and, 
on  the  other  hand,  there  may  be  a  failure  of  similar  change 
where  our  superficial  observation  expects  it,  because  a 
similarity  of  result  is  brought  about  by  two  sets  of  bonds 
which  have  no  identical  element.  As  an  illustration  of  the 
first  of  these  two  facts,  we  may  take  the  possible  case  of  the 
strengthening  of  the  bonds  productive  of  accuracy  in  judging 
the  differences  of  pairs  of  weights  by  the  increased  strength 
of  the  bonds  productive  of  accuracy  in  judging  the  differences 
of  pairs  of  colors.  If  the  facilitation  should  be  found  to 
occur,  we  would  perhaps  be  at  a  loss  to  locate  the  identity, 
beyond  a  cryptic  assignment  of  it  to  'attentiveness  to  small 
shocks  of  difference.'  As  an  illustration  of  the  second  fact, 
we  may  take  the  case  of  the  bonds  between  the  thought  of, 
say,  an  elephant,  a  map  or  a  certain  room,  and  clear,  vivid 
visual  images  of  these  things.  Such  bonds  are  found*  to 
have  very  little  or  no  favorable  effect  on  the  bonds  leading 
from  the  same  situations  to  correct  judgments  about,  say,  the 
elephant's  external  anatomy,  the  features  of  the  map,  or  the 
contents  of  the  room. 

There  are  three  cases  of  similar  change  which  are  of  special 
practical   importance,   which   we  may  call   facilitation   by  re- 

*  For  example,  by  the  author  ['07],  by  Betts  ['09],  and  by  Ruger  ['10] 


THE    INFLUENCE    OF    IMPROVEMENT  353 

organization,  by  transferred  set  or  attitude,  and  by  transferred 
neglect. 

When  the  bonds  acquired  in  learning  vocabularies  assist 
the  learner  in  reading  sentences,  or  when  the  letter  habits  of 
telegraphy  and  typewriting  enable  the  learner  to  form  the 
word  habits,  the  old  bonds  are  not  compounded  just  as  they 
are,  nor,  on  the  other  hand,  are  the  new  bonds  learned 
separately,  as  it  were,  on  top  of  the  old  ones.  The  new  ones 
use  the  old  ones,  but  by  reorganizing  them  through  'short- 
circuiting'  and  other  forms  of  associative  shifting,  and  by  trying 
and  selecting  from  various  amalgamations  and  modifications 
of  them. 

It  may  be  said  in  opposition  that  this  last  is  not  a  proper 
case  of  similar  strengthening,  since  the  formation  of  the  letter 
habits  does  not  actually  form  the  word  habits,  but  only  makes 
them  easier  to  form.  From  a  certain  pedantic  point  of  view 
this  may  be  admitted,  but,  as  has  been  shown,  it  is  not  wise 
to  try  to  restrict  the  strengthening  of  a  bond  to  cases  where 
the  strengthening  manifests  itself  immediately  in  a  change  in 
the  score.  Strengthening  has  been  used  in  this  volume  to 
equal  greater  ease  of  formation  to  X  strength  as  well  as  an 
obvious  change  from  Y  strength  up — to  mean  nearer  to  X 
as  well  as  further  from  Y.  And  this  more  catholic  use  is 
advisable. 

When  an  animal,  by  experience  in  securing  food  by  opera- 
ting mechanical  contrivances,  becomes  more  active  in  the 
tenth  puzzle-box  than  it  was  in  the  first,  or  when  a  man, 
in  the  course  of  noun-checking  experiments,  acquires  a  wary, 
business-like  scrutiny  of  the  lines  with  no  halts  or  dawdlings, 
and  maintains  it  when  checking  verbs  or  prepositions, — we 
have  facilitation  by  the  transfer  of  a  set  or  attitude.  Ebert 
and  Meumann  ['05]  report  that  the  mere  decision  to  accept 
certain  work  as  interesting  improved  it;  Fracker  ['08]  found 
that  the  adjustment  to  naming  the  order  of  four  intensities 
of  the  same  tuning-fork  (as  i,  2,  3,  4  for  the  order  from  least 
to  greatest  intensity,  or  4,  3,  2,  i  for  the  reverse,  or  i,  2,  4, 
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3,  and  the  like)  helped  greatly  to  strengthen  the  bonds  needed 
to  permit  the  learner  to  give  the  correct  order  after  an  interval 
filled  with  another  task.  Ruger  ['10]  found  that  the  attitude 
of  confidence  begot  of  success  in  solving  puzzles  aided  in  the 
solution  of  others,  and  gives  other  illustrations  of  the  same 
general  facilitation  by  transferred  attitude  or  set  of  mind. 

A  large  part  of  learning  is  dropping  out  and  driving  out 
harmful  or  irrelevant  bonds,  and  the  weakening  of  these  may 
be  of  advantage  not  only  to  the  particular  bond  in  whose  favor 
they  were  driven  out,  but  to  other  bonds  whose  formation  or 
action  they  would  otherwise  have  impeded.  The  transfer  of 
tendencies  to  neglect  is  as  real  as  the  transfer  of  positive  action. 
Learning  a  score  of  series  of  nonsense  syllables  is  found  to 
facilitate  learning  another  score,  partly  because  the  irritation 
and  distaste  which  are  originally  bound  to  the  task  are  dis- 
joined from  it  by  the  early  practice. 

Opposite  Change 

Strengthening  the  bond  beizveen  a  given  situation,  or  situr 
ation  element,  A,  and  the  response  i,  weakens  the  opposite 
bond — between  A  and  the  response  'Opposite  of  i.'  Both  the 
truth  and  the  value  of  this  statement  depend  upon  a  definition 
of  'Opposite.'  The  statement  is  true,  but  valueless,  if  we  mean 
by  it  the  tautology  that  the  opposite  response  to  i  is  one  whose 
connection  with  A  weakens  the  connection  of  i  with  A.  Yet 
it  is  hard  to  find  any  valuable  universal  criterion  of  opposite- 
ness  in  bonds.  When  the  response  i  is  an  observable  move- 
ment of  the  body,  the  opposite  response  may  be  roughly  defined 
as  the  one  which  undoes  the  work  done  by  i — as  by  moving 
the  body  or  part  of  the  body  in  the  opposite  direction,  or  by 
expelling  forth  from  the  mouth  what  has  just  been  taken  into 
it.  In  a  similar  way,  I  should  define  as  opposite  any  two 
bonds  in  the  neurones  of  which  each  undoes  the  work  done 
by  the  other.  This  definition,  though,  in  my  opinion,  sound 
and  destined  to  be  helpful,  is  not  of  much  value  in  our  present 
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ignorance  of  what  bonds  in  the  neurones  correspond  to  any 
given  fact  of  behavior.* 

Until  we  know  what  the  actual  Ijehavior  is  in  the  neurones 
in  the  case  of  a  Ijond,  our  attempts  to  define  the  kind  of 
lK>nds  which  will  mutually  annihilate  each  other,  thus  turn 
into  uninstructive  tautologies  or  unsafe  prophecies.  Mean- 
while we  do  know  concretely  that  certain  pairs  of  bonds 
do  thus  produce,  one  on  the  other,  opposite  change, — do 
manifest  simon-pure  inhibition.  Two  bonds  from  the  same 
situation-element  to  motor  responses  of  opposite  or  antagon- 
istic effect,  as  above  described,  are  a  stock  example  of  such 
a  pair.  Often  confused  with  such  cases  of  pure  contrariness 
are  cases  of  alternative  bonds,  where  with  one  situation  ele- 
ment two  or  more  bonds  are  formed,  leading  to  different 
responses.  Thus,  if  ten  different  nonsense  series,  each  be- 
ginning' with  'wef  kob,"  are  learned,  the  *wef  kob*  may  not  call 
up  any  one  of  them  as  well  as  it  would  have  done,  had  only 
that  one  been  learned.  Thus,  having  sorted  objects  into  piles 
by  color  may  make  one  have  a  lower  score  in  sorting  them  by 
size  than  one  would  otherwise  have  had. 

It  must  be  ranembered  that  in  such  cases  the  alternative 
Ixjnds  are  never  from  exactly  the  same  total  compound  of 
situation  outside  and  condition  inside  the  man.  There  is 
always  some  difference,  though  it  may  be  an  unnoticed  feature 
of   the   man's   attitude   or   'set.*    between   the   total    states   of 

*"  I  judge  that  our  ordinary  usage  extends  this  definition  much  farther 
and  more  loosely,  calling  any  two  responses  opposite  when,  the  conditions 
outside  the  man  being  the  same,  either  undoes  the  work  done  by  the 
other.  Thus,  if  conditions  remain  the  same,  assent  undoes  the  social 
work  of  dissent,  though  the  muscular  movements  are  not  opposite  as 
such.  The  thoughts,  'Subtract  2'  and  'It  is  not  black,'  are  thus  the 
opposites  of  'Add  2'  and  'It  is  black,'  in  the  sense  of  undoing  certain 
intellectual  w'ork  done  by  them.  But,  with  this  extended  usage  of  the 
term,  it  is  far  from  sure  that  any  general  statement  of  opposite  change 
is  tnie.  A  child,  for  example,  who  is  taught  to  say,  on  seeing  a  certain 
gray  object,  'It  is  black;  It  is  not  black'  would  certainly  not  be  left  in 
the  same  condition  thereby  as  if  he  had  said  nothing  at  all ;  nor  would 
he  have  the  same  effect  on  his  hearers  as  if  he  had  said  nothing  at  all. 
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affairs  leading  to  the  two  responses.  This  fact  gives  the 
principle  of  explanation  for  the  disputes  concerning  whether 
such  alternative  bonds  do  or  do  not  inhibit  one  another.  So 
long  as  the  bonds  are  attached  undiscriminatingly  to  the 
situation's  gross  features,  they  do  inhibit  each  other ;  but  it 
is  ix>ssible  to  have  an  arrangement  for  switching  accurately 
from  one  set  of  bonds  to  another,  according  to  some  minor 
differences  in  the  external  situation  or  learner's  set  of  mind, 
so  that  there  is  no  inhibition,  but  even,  perhaps,  facilitation. 

For  example,  if  the  bonds  are  'wef  kob  of  the  12  syllable 
series  I  learned  Saturday'  ->-  jur,  bim,  etc.,  and  'ivcf  kob'  of 
the  16  syllable  series  I  learned  yesterday' ->- ziz,  nok,  etc., 
the  bonds  may  do  each  other  no  harm,  the  'of  the  12  syllable 
series  I  learned  Saturday'  firmly  excluding  any  bonds  with 
'of  the  16  syllable  series,  etc'  from  influence.  So  a  person 
trained  to  sort  objects  by  color  or  by  size  may  come  to  be  able 
to  sort  them  ten  times  by  color  and  then  change  over  to  size 
without  a  tenth  of  a  second  of  reduction  in  his  speed,  at  the 
mere  signal  'Size  now'  or  the  like. 

In  the  case  of  alternative  systems  of  bonds  there  is  then 
often  an  inhibition  for  a  time,  reducing  to  zero  as  the  two 
systems  of  bonds  get  organized  in  connection  with  two 
systems  of  mental  sets  or  attitudes,  and  perhaps  giving  way 
to  facilitation  by  reason  of  certain  serviceable  identities  in  the 
bonds. 

So  a  man  trained  for  an  hour  on  a  typewriter  of  standard 
keyboard  might,  after  a  second  hour  of  practice,  with  the 
keys  being  changed  about  to  the  order 

a  b  c  d  e  f  g 

h  i  j  k  1  m  n 

o  p  q  r  s  t  u 

v  w  x  y  z, 

do  worse  than  at  the  beginning;  but  if  he  practiced  an  hour 
daily  on  each  sort  of  machine  he  would  not  fall  back  to  his 
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initial  score  for  long",  would  soon  come  to  be  able  to  turn 
from  one  to  the  other  system  of  bonds  at  the  mere  sight  of 
the  machine,  and  would  probably  find  that  20  hours  of  the 
two  alternative  systems  gave  greater  ability  at  either  than 
ten  hours  of  practice  at  it  alone  would  have  given.* 

The  mass  results  of  tne  similar  and  opposite  changes  in 
a  certain  group  of  bonds  (call  it  group  B)  which  have  been 
brought  about  by  the  strengthening  and  weakening  of  lx)nds 
in  a  certain  other  group  (call  it  group  A),  appear  in  the 
improvement  or  deterioration  in  one  function  (B)  which  is 
due  to  the  improvement  of  another  function    (A). 

These  mass  results  may  be  measured  without  knowledge 
of  the  particular  facilitations  and  inhibitions  of  single  bonds 
to  which  they  are  ultimately  due.  We  may,  that  is.  find  out 
how  far  improvement  in,  say,  checking  o's,  gives  added  ability 
in  checking  the  A's  on  certain  printed  pages,  without  any 
ultimate  analysis  of  the  functions  into  their  constituent  bonds 
or  demonstration  of  the  relations  of  similar  and  opposite 
change  that  obtain  l^etween  them.  We  thus  secure  a  basis 
of  knowledge  for  educational  theories  of  the  general  or  dis- 
ciplinary value  of  specific  practice  of  various  sorts.  Many 
such  mass  results  have  been  obtained  in  the  last  dozen  years, 
and  with  important  consequences  to  educational  theory'.  With 
them  and  their  consequences  the  rest  of  this  chapter  will  be 
concerned. 

CHANGE.S    IN    EXPECTATION    OF    MENTAL    DISCIPLINE 

The  application  of  experimental  and  quantitative  methods 
to  the  dynamics  of  human  nature  has  made  rapid  changes  in 
educational  theories  of  the  general  value  of  special  practice. 

*  Miinsterberg  [92]  and  Bergstrom  ['94]  give  interesting  facts  showing 
the  temporary  inhibiting  effects  of  alternative  bonds.  Experiments  in 
reducing  the  initial  opposite  changes  due  to  alternative  bonds  to  zero 
and  letting  their  beneficial  effects  appear  have  been  made  in  detail  by 
the  former  and  by  Bair  ['02].  See  also,  on  Inhibition  in  general,  Breese 
['9Q],  and  Culler   ['12]. 
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The  condition  of  opinion  a  decade  ago  is  fairly  represented 
by  the  following  pages  from  the  1903  edition  of  the  author's 
Educational  Psychology. 

"One  of  the  quarrels  of  the  educational  theorists  concerns 
the  extent  to  which  special  forms  of  training  improve  the 
general  capacities  of  the  mind.  Does  the  study  of  Latin  or 
of  mathematics  improve  one's  general  reasoning  powers? 
Does  laboratory  work  in  science  train  the  power  of  observation 
for  all  sorts  of  facts?  Does  matching  colored  sticks  educate 
the  senses  for  all  sorts  of  discriminations? 

The  problem,  which  is  clearly  one  of  psychological  fact, 
may  be  best  stated  in  psychological  terms  as  follows :  How 
far  does  the  training  of  any  mental  function  improve  other 
mental  functions?  In  less  technical  phrase,  How  far  does  an 
ability,  say  to  reason,  acquired  with  data  A,  extend  also  to 
data  B,  C,  D,  etc.  ? 

No  one  can  doubt  that  all  of  the  ordinary  forms  of  home 
or  school  training  have  some  influence  upon  mental  traits  in 
addition  to  the  specific  changes  which  they  make  in  the  parti- 
cular function  the  improvement  of  which  is  their  direct  object. 
On  the  other  hand,  no  careful  observer  would  assert  that  the 
influence  upon  the  other  mental  traits  is  comparable  in  amount 
to  that  upon  the  direct  object  of  training.  By  doubling  a 
boy's  reasoning  power  in  arithmetical  problems  we  do  not 
double  it  for  formal  grammar  or  chess  or  economic  history 
or  theories  of  evolution.  By  tripling  the  accuracy  of  move- 
ment in  fingering  exercises  we  do  not  triple  it  for  typewriting, 
playing  billiards  or  painting.  The  gain  of  courage  in  the 
game  of  football  is  never  equaled  by  the  gain  in  moral  courage 
or  resistance  to  intellectual  obstacles.  The  real  question  is 
not,  'Does  improvement  of  one  function  alter  others?'  but, 
'To  what  extent,  and  how,  does  it?' 

The  answer  which  I  shall  try  to  defend  is  that  a  change 
in  one  function  alters  any  other  only  in  so  far  as  the  two 
functions  have  as  factors  identical  elements.     The  change  in 
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the  second  function  is  in  amount  that  due  to  the  change  in 
the  elements  common  to  it  and  the  first.  The  change  is 
simply  the  necessary  result  upon  the  second  function  of  the 
alteration  of  those  of  its  factors  which  were  elements  of  the 
first  function,  and  so  were  altered  by  its  training.  To  take 
a  concrete  example,  improvement  in  addition  will  alter  one's 
ability  in  multiplication  because  addition  is  absolutely  identical 
with  a  part  of  multiplication  and  because  certain  other  pro- 
cesses,— e.  g.,  eye  movements  and  the  inhibition  of  all  save 
arithmetical  impulses, — are  in  part  common  to  the  two 
functions. 

Chief  amongst  such  identical  elements  of  practical  im- 
portance in  education  are  associations  including  ideas  about 
aims  and  ideas  of  method  and  general  principles,  and 
associations  involving  elementary  facts  of  experience  such  as 
length,  color,  number,  which  are  repeated  again  and  again  in 
differing  combinations. 

By  identical  elements  are  meant  mental  processes  which 
have  the  same  cell  action  in  the  brain  as  their  physical  correlate. 
It  is  of  course  often  not  possible  to  tell  just  what  features  of 
two  mental  abilities  are  thus  identical.  But,  as  we  shall  see, 
there  is  rarely  much  trouble  in  reaching  an  approximate 
decision  in  those  cases  where  training  is  of  practical  import- 
ance. 

The  standard  psychology  and  pedagogy  books,  with  few 
exceptions,  answer  our  questions  in  a  manner  very  different 
from  this.  They  extend  the  influence  of  any  special  form  of 
discipline  much  farther,  and  describe  its  manner  of  operation 
only  by  vague  and,  I  think,  meaningless  phrases.* 

In  place  of  any  descriptive  account  I  shall  give  a  number 
of  quotations  picked  almost  at  random  from  all  the  statements 
about  the  influence  of  special  training  on  general  ability  made 
in  some  fifty  representative  books  on  psychology  and  peda- 

*  The  leading  exception  in  psychology  is  James'  "Principles  of  Psychol- 
ogy.' and  in  pedagogy  is  the  Herbartian  literature.  ihe  often  correct 
conclusions  of  the  latter  are,  however,  based  upon  defective  principles. 
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gogy.      These    will   represent    fairly   the   prevailing   attitude. 

Systematic  treatises  on  psychology,  with  two  or  three  ex- 
ceptions, neglect  the  functional  aspect  of  mental  life  and  so  do 
not  furnish  any  apt  quotations.  Their  implied  point  of  view, 
however,  is,  again,  with  one  or  two  exceptions,  that  alterations 
in  mental  powers  a,re  alterations  in  the  general  facility  of 
attention,  reasoning,  etc. 

Books  on  applied  psychology  express  this  implication  out- 
right, and  books  on  education  carry  it  to  an  amazing  extreme. 
The  following  quotations  represent  accurately  a  wide-spread 
opinion : 

Since  the  mind  is  a  unit  and  the  faculities  are  simply  phases 
or  manifestations  of  its  activity,  whatever  strengthens  one 
faculty  indirectly  strengthens  all  the  others.  The  verbal 
memory  seems  to  be  an  exception  to  this  statement,  however, 
for  it  may  l^e  abnormally  cultivated  without  involving  to  any 
profitable  extent  the  other  faculties.  But  only  things  that 
are  rightly  perceived  and  rightly  understood  can  be  rightly 
remembered.  Hence  whatever  develops  the  acquisitive  and 
assimilative  powers  will  also  strengthen  memory ;  and,  con- 
versely, rightly  strengthening  the  memory  necessitates  the 
developing  and  training  of  the  other  powers.  [R.  N.  Roark, 
'Method  in  Education,'  p.  27] 

It  is  as  a  means  of  training  the  faculties  of  perception  and 
generalization  that  the  study  of  such  a  language  as  Latin 
in  comparison  with  English  is  so  valuable.  [C.  L.  Morgan, 
'Psychology  for  Teachers,'  p.  186] 

Arithmetic,  if  judiciously  taught,  forn"'s  in  the  pupil  habits 
of  mental  attention,  argumentative  sequence,  absolute  accuracy, 
and  satisfaction  in  truth  as  a  result,  that  do  not  seem  to 
spring  equally  from  the  study  of  any  other  subject  suitable 
to  this  elementary  stage  of  instruction.  [Joseph  Payne, 
'Lectures  on  Education,'  Vol.  L,  p.  260] 

By  means  of  experimental  and  observational  work  in 
science,  not  only  will  his  attention  be  excited,  the  power  of 
observation,  previously  awakened,  much  strengthened,  and  the 
senses  exercised  and  disciplined,  but  the  very  important  habit 
of  doing  homage  to  the  authority  of  facts  rather  than  to  the 
authority  of  men,  be  initiated.     [Ibid.,  p.  261] 

...  The  study  of  the  Latin  language  itself  does  eminently 
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In- 


discipline the  faculties  and  secure  to  a  greater  degree  than 
that  of  the  other  subjects  we  have  discussed,  the  formation  and 
growth  of  those  mental  qualities  which  are  the  best  prepara- 
tives for  the  business  of  life — whether  that  business  is  to 
consist  in  making  fresh  mental  acquisitions  or  in  directing  the 
powers  thus  strengthened  and  matured,  to  professional  or  other 
pursuits.     [Ibid.,  p.  264] 

I  wish  to  understand  by  mental  discipline  the  exercise  of 
some  faculty  of  the  mind,  which  results  in  increasing  the  power 
or  readiness  of  that  faculty.  [E.  H.  Babbitt,  p.  126  of 
'Methods  of  Teaching  the  Modern  Languages'] 

The  faculty  which  is  by  far  the  most  important  of  the 
human  mind,  and  which  we  most  earnestly  strive  to  develop 
and  perfect  in  our  pupils,  is  the  faculty  of  judgment,  or  the 
reasoning  faculty  (I  am  not  trying  to  be  psychologically 
exact),  the  faculty  whose  perfection  gives  what  we  call  a 
logical  mind — a  mind  which  has  a  ready  perception  of  the 
relations  of  things  and  is  not  likely  to  be  misled  by  false 
reasoning.      [Ibid.,  p.   127] 

The  most  valuable  thing  in  the  way  of  discipline  which 
comes  from  a  study  of  a  foreign  language  is  its  influence  in 
improving  the  pupil's  command  of  his  own.  Of  course  this 
means  the  improvement  in  general  judgment  and  discrimi- 
nation which  is  evinced  by  a  finer  linguistic  sense.  .  .  .  [Ibid., 
p.   129] 

Let  us  now  examine  in  detail  the  advantages  which  a 
person  who  has  taken  the  ordinary  Bachelor's  degree  has  de- 
rived from  the  study  of  classics.  Aside  from  the  discipline  of 
the  will,  which  comes  from  any  hard  work,  we  find  the  fol- 
lowing: (i)  His  memory  for  facts  has  been  strengthened 
by  committing  paradigms  and  learning  a  new  vocabulary. 
(2)  He  has  been  obliged  to  formulate  pretty  distinctly  a 
regidar  system  of  classified  facts — the  facts  which  form  the 
material  of  the  grammar — classified  in  due  form  under 
chapter,  section,  subsection  and  so  on.  This  means  that  he 
has  learned  to  remember  thing's  by  their  relations — a  power 
which  can  hardly  be  acquired  without  practice  in  forming 
or  using  such  classified  systems.  (3)  He  has  had  his  judg- 
ment broadened  and  strengthened  by  constant  calls  upon  it 
to  account  for  things  which  cannot  be  accounted  for  without 
its  exercise.     [Ibid.,  p.  130] 

Correct  use  of  the  language  is  always  to  1^  insisted  upon. 
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This,  especially  in  the  oral  exercises,  makes  concentration  im- 
perative and  serves  in  an  eminent  degree  as  a  disciple  of  the 
will.  .  .  .  Practice  in  the  use  of  a  foreign  language  cultivates 
the  imagination.  ...  I  have  not  mentioned  the  cultivation 
of  the  memory.  The  study  of  modern  languages  offers  wide 
opportunity  not  only  for  the  exercise  of  verbal  memory,  but 
especially  for  the  rational  use  of  this  important  power,  by 
means  of  association,  comparison,  discrimination.  [A.  Lode- 
man,  'Methods  of  Teaching  Modem  Languages,'  p.  104  f.] 

The  value  of  the  study  of  German  'lies  in  the  scientific 
study  of  the  language  itself,  in  the  consequent  training  of 
the  reason,  of  the  powers  of  observation,  comparison^  and 
synthesis;  in  short,  in  the  upbuilding  and  strengthening  of 
the  scientific  intellect.'  [Calvin  Thomas,  'Methods  of  Teach- 
ing Modern  Languages,'  p.  27] 

[Advantages  resulting  from  the  teaching  of  draming.] 
The  visual,  mental  and  manual  powers  are  cultivated  in  com- 
bination, the  eye  being  trained  to  see  clearly  and  judge 
accurately,  the  mind  to  think,  and  the  hand  to  record  the 
appearance  of  the  object  seen,  or  the  conceptions  formed  in 
the  mind.  Facility  and  skill  in  handicraft,  and  delicacy  of 
manipulation,  all  depend  largely  upon  the  extent  to  which 
this  hand  and  eye  training  has  been  fostered.  The  inventive 
and  imaginative  faculties  are  stimulated  and  exercised  in 
design,  and  the  graphic  memory  is  strengthened  by  practice 
in  memory  drawing.  The  aesthetic  judgment  is  brought  into 
use,  the  power  of  discerning  beauty,  congruity,  proportion, 
symmetry,  is  made  stronger;  and  the  love  of  the  beautiful, 
inherent  more  or  less  in  mankind,  is  greatly  increased.  [J. 
H.  Morris,  'Teaching  and  Organization'  (edited  by  P.  A. 
Barnett),  pp.  63-64] 

As  regards  the  first  point,  it  may  be  noted  that  the  pursuit 
of  mathematics  gives  command  of  the  attention.  A  successful 
study  increases  or  creates  the  power  of  concentrating  the 
thoughts  on  a  given  subject  and  of  separating  mixed  and 
tangled  ideas.  The  habits  of  mind  formed  by  means  of  this 
one  set  of  studies  soon  extend  their  influence  to  other  studies 
and  to  the  ordinary  pursuits  of  life.  The  man  or  woman  who 
has  been  drilled  by  means  of  mathematics  is  the  better  able 
to  select  from  a  number  of  possible  lines  which  may  be  sug- 
gested that  which  is  easiest  or  most  direct  to  attain  a  desired 
end. 
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The  second  purpose  of  this  study  is  the  one  which  has  been 
most  universally  acknowledged  in  all  ages,  namely,  the 
strengthening  and  training  of  the  reasoning  powers.  [R. 
Wormell,  'Teaching  and  Organization'  (edited  by  P.  A.  Bar- 
nett),  p.  78] 

We  may  conclude  this  list  by  quotations  from  a  recent 
inaugural  address  at  a  great  American  college  and  from  the 
reasons  given  by  a  number  of  presidents  of  colleges  to  the 
question,  'Why  go  to  college?' 

"We  speak  of  the  'disciplinary'  studies,  .  .  .  having  in 
our  thought  the  mathematics  of  arithmetic,  elementary  algebra 
and  geometry,  the  Greek-Latin  texts  and  grammars,  the  ele- 
ments of  English  and  of  French  or  German.  .  .  .  The  mind 
takes  fiber,  facility,  strength,  adaptability,  certainty  of  touch 
from  handling  them,  when  the  teacher  knows  his  art  and 
their  power.  The  college  .  .  .  should  give  .  .  .  elasticity  of 
faculty  and  breadth  of  vision,  so  that  they  shall  have  a  surplus 
of  mind  to  expend.  ..."  [Woodrow  Wilson,  Science, 
November  7,   1902] 

Thomas  J.  Conaty,  Rector  of  the  Catholic  University  of 
America:    "I  would  say,  in  one  word,  for  discipline." 

Natlianiel  Butler,  President  of  Colby  College :  "It  has 
been  well  said  that  an  educated  man  has  a  sharp  ax  in  his 
hand  and  an  uneducated  man  a  dull  one.  I  should  say  that 
the  purpose  of  a  college  education  is  to  sharpen  the  ax  to 
its  keenest  edge." 

H.  M.  MacCracken,  Chancellor  of  New  York  University: 
"He  will  possess  a  better  disciplined  mind  for  whatever  work 
of  life  he  may  turn  his  attention  to." 

Timothy  Dwight,  late  President  of  Yale  University :  "Such 
an  education  is  the  best  means  of  developing  thought  power 
in  a  young  man,  and  making  him  a  thinking  man  of  cultured 
mind."* 

It  is  clear  that  the  common  view  is  that  the  words  accuracy, 
quickness,  discrimination,  memory,  observation,  attention,  con- 
centration, judgment,  reasoning,  etc.,  stand  for  some  real  and 
elemental  abilities  which  are  the  same  no  matter  what  material 
they  work  upon;  that  these  elemental  abilities  are  altered  by 

*  The   last   four   statements   appeared    in   the   Petm    Charter  Magacine, 
at  just  what  date  I  am  unable  to  ascertain. 
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Special  disciplines  to  a  large  extent;  that  they  retain  those 
alterations  when  turned  to  other  fields ;  that  thus  in  a  more 
or  less  mysterious  way  learning  to  do  one  thing  well  will 
make  one  do  better  things  that  in  concrete  appearance  have 
absolutely  no  community  with  it. 

The  mind  is  regarded  as  a  machine  of  which  the  different 
faculties  are  parts.  Experiences  being  thrown  in  at  one  end, 
perception  perceives  them,  discrimination  tells  them  apart, 
memory  retains  them,  and  so  on.  By  training,  the  machine  is 
made  to  work  more  quickly,  efiiciently  and  economically  with 
all  sorts  of  experiences.  Or,  in  a  still  cruder  type  of  thinking, 
the  mind  is  a  storage  battery  which  can  be  loaded  with  will 
power  or  intellect  or  judgment,  giving  the  individual  'a  surplus 
of  mind  to  expend.'  General  names  for  a  host  of  individual 
processes — such  as  judgment,  precision,  concentration — are 
falsely  taken  to  refer  to  pieces  of  mental  machinery  which  we 
can  once  for  all  get  into  working  order,  or,  still  worse,  to 
amounts  of  something  which  can  be  stored  up  in  bank  to  be 
drawn  on  at  leisure."     [Thorndike,  '03,  pp.  8085] 

Such  an  account  would  today  entirely  misrepresent  the 
standard  view.  When  the  three  papers  by  Woodworth  and 
Thorndike  appeared  in  1901,  describing  the  limited  extent  to 
which  practice  in  sensory  discrimination,  the  observation  of 
small  details,  and  the  like,  spread  beyond  the  specific  abilities 
trained,  they  aroused  surprise  and  incredulity.  At  the  present 
time,  such  a  limited  spread  of  training  would  be  taken  almost 
for  granted. 

The  notions  of  mental  machinery  which,  being  improved 
for  one  sort  of  data,  held  the  improvement  equally  for  all 
sorts;  of  magic  powers  which,  being  trained  by  exercise  of 
one  sort  to  a  high  efficienc3\  held  that  efficiency  whatever  they 
might  be  exercised  upon ;  and  of  the  mind  as  a  reservoir  for 
potential  energy  which  could  be  filled  by  any  one  activity 
and  drawn  on  for  any  other — have  now  disappeared  from 
expert  writings  on  psychology.     A  survey  of  experimental 
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results  is  now  needed  perhaps  as  much  to  prevent  the  opposite 
superstition;  for,  apparently,  some  careless  thinkers  have 
rushed  from  the  belief  in  totally  general  training-  to  the  belief 
that  training  is  totally  specialized.  In  any  case,  such  a  survey 
is  the  safest  preparation  for  deciding  theoretical  or  practical 
questions  concerning  the  effect  of  the  improvement  of  any  one 
function,  in  school  or  out,  upon  the  efficiency  of  other  func- 
tions. 

CROSS    EDUCATION 

We  may  first  consider  certain  facts  of  so-called  'Cross- 
education,'  or  the  extent  to  which  training  one  organ  of  the 
body  improves  the  bilaterally  symmetrical  organ.  These 
results  have  been  improperly  used  as  evidence  upon  our 
question.     We  must  therefore  examine  them. 

Volkmann*  found  that  by  practice  of  the  left  arm  in 
discrimination  until  an  initial  ability  of  23.6  improved  to  1 1.2, 
the  right  arm  without  any  practice  showed  an  improvement 
from  26.4  to  15.7.  Similar  results  were  found  for  other 
cases  of  cross-education  and  for  the  spread  of  improvement  in 
discrimination  of  touch  at  certain  spots  on  the  skin  to  neigh- 
boring spots. 

Scripture,  Smith  and  Brown  ['94]  found  that  improve- 
ment in  strength  of  grip  in  one  arm  in  consequence  of  its 
exercise  was  in  one  subject  accompanied  by  80  per  cent  as 
much  improvement  in  the  other  arm.  Only  one  subject  took 
the  practice.  In  precision  the  gain  was  2  per  cent  greater  in 
the  unpracticed  arm,  in  the  one  individual  studied.  Davis 
['98  and  '00]  found  that  the  improvement  in  quickness  of 
tapping  with  the  right  toe  due  to  its  practice  was  accompanied 
by  151  per  cent  as  much  improvement  in  the  left  foot,  100 
per  cent  as  much  in  the  right  hand  and  83  per  cent  as  much 
in  the  left  hand.  Exercise  of  the  biceps  of  the  right  arm  was 
followed  by  increase  of  the  number  of  flexions  endurable 
to  the  amount  of  433,  950,  900,  300,  200  and  532  per  cents 

*  Quoted  by  Scripture,   Smith   and  Brown,  '94,  p.   114  f. 
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in  the  six  subjects  of  the  experiment.  The  increases  for  the 
left  arm  consequent  upon  the  exercise  of  the  right  were,  re- 
spectively, 200,  37,  60,  12,  300,  553.  Practice  in  Kmging-  at 
a  target  with  a  foil  100  times  with  the  right  hand  was  fol- 
lowed by  an  improvement  in  the  left  about  three-fourths  as 
great  as  in  the  right  (six  subjects  gave,  as  ratios  of  left  arm  to 
right  arm  improvement,  1.14,  1.03,  .80,  .54,  .99  and  .11,  re- 
spectively). Unilateral  practice  in  gripping  a  dynamometer 
was  followed  by  improvement  of  both  sides.  The  ratios  of 
improvement  in  the  unpracticed  to  improvement  in  the  prac- 
ticed side  ranged  widely  for  the  twenty-six  subjects,  with  a 
median  value  of  about  70  per  cent. 

Woodworth  ['99],  Swift  ['03]  and  Starch  ['10]  have 
shown  the  transfer  to  the  bilaterally  symmetrical  parts  of  the 
body  in  cases  of  hitting  a  dot  with  a  pencil,  tossing  balls  and 
tracing  an  outline  seen  only  in  a  mirror. 

Woodworth  measured  the  influence  of  practice  of  the  left 
hand  in  hitting  dots  upon  the  ability  of  the  right  hand  in 
the  same  performance.  The  results  were  as  follows,  in  terms 
of  the  errors  made: 


At  rate  of 

40  per  minute 

Ar.  i.'o 

At  200 

Left  hand :  Before  training 

3-5 

4.2 

8.3 

A'ter 

•4 

3.8 

7.2 

Right  hand  :   Early  test 

31 

3-9 

71 

Late    test 

•7 

3.8 

6.6 

In  repeating  these  experiments  the  author  found  reason  to 
believe  that  an  important  cause  of  improvement  was  the 
acquisition  of  skill  in  moving  the  eyes  so  as  to  fixate  the  points 
quickly.  This  would,  of  course,  be  an  identical  feature  of 
both  trained  and  tested  acts. 

Swift  ['03]  found  that  after  the  training  in  tossing  balls 
with  the  right  hand,  the  ability  of  the  left  hand  had  increased 
somewhat;  and  that,  on  being  trained  further,  the  left  hand 
improved  more  rapidly  than  it  would  otherwise  have  done. 

Starch    ['10]    studied  the  effect  of  practice  in  following 
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with  the  right  hand  the  outHne  of  a  six-pointed  star  as  seen 
in  a  mirror  upon  the  abihty  to  do  the  same  with  the  left  hand. 
The  improvement  was  about  nine-tenths  as  much  in  the  latter 
case  as  in  the  fonner. 

These  three  authors  interpret  the  results  correctly.  Swift, 
for  example,  says.  .  .  .  "It  would  be  a  mistake  to  suppose 
that  such  experiments  in  cross-education  give  support  to  the 
doctrine  of  'formal  education.'  There  is  no  evidence  to  show 
that  training  has  general  value.  Indeed,  it  all  argues  strongly 
for  the  influence  of  content.  .  .  .  Skill  in  certain  lines  may 
be  serviceable  in  other  similar  processes,  but  its  value  de- 
creases as  the  difference  between  the  kinds  of  work  increases, 
and  in  many  cases  it  is  probably  reduced  to  zero."  [Swift, 
'08,  p.  190]  The  results  of  experiments  in  cross-education, 
that  is,  are  not  strictly  relevant  to  our  problem,  for  the  in- 
fluence of  training  one  part  of  the  body  in  a  certain  task 
upon  the  efficiency  of  the  bilaterally  symmetrical  half  of  the 
body  in  the  same  task  is  a  very  peculiar  case.  The  sensations 
from,  or  movements  of,  any  pair  of  bilaterally  symmetrical 
organs  are  in  a  way  quite  different  from  those  of  a  pair  of 
organs  taken  at  random. 

It  is  therefore  fallacious  to  connect  the  facts  of  cross- 
education  with  such  inferences  as  the  following:  "The 
capability  of  concentrating  attention  on  a  certain  point  in 
question,  in  whatever  field  it  is  acquired,  will  show  itself 
efficacious  in  all  others."  [Stumpf,  '83,  vol.  i,  p.  81] 
"Development  of  will  power  in  connection  with  any  activity 
is  accompanied  by  a  development  of  will  power  as  a  whole.'" 
[Scripture,  '99,  p.  165]  "Will  power  and  attention  are  edu- 
cated by  physical  training.  When  developed  by  any  special 
act,  they  are  developed  for  all  acts."  [Davis,  '00,  p.  103] 
These  inferences  are  unjustifiable:  (i)  Because  they  assume 
that  any  two  functions  are  related  as  are  sensations  or  move- 
ments of  one  organ  with  identical  ones  from  the  bilaterally 
symmetrical  one.  This  is  utterly  false.  (2)  Because  they 
imply  that  the  amount  of  improvement  of  'attention'  or  'will 
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power'  in  the  one  activity  is  equaled  in  the  case  of  the  other. 
It  is  not.  (3)  Because  they  make  no  adequate  effort  to 
discover  vv^hether  the  amount  of  improvement  that  is  common 
to  both  is  not  due  entirely  to  identical  elements  of  a  concrete 
sort  such  as  acquaintance  with  the  oneness  and  twoness  feel- 
ings in  the  case  of  touches  with  compass  point  or  points,  or 
actual  contractions  of  both  muscles  when  nominally  only  one 
is  being  exercised,  or  the  habit  of  gripping  the  dynamometer 
in  a  certain  way  and  suddenly.  These  are  vercu  causa 
and  may  be  sufficient  to  explain  the  facts.  The  phenomena  of 
cross-education  are  an  interesting  chapter  in  experimental 
psychology,  but  are  not  fair  samples  of  the  general  facts 
we  seek.     Nor  is  their  significance  at  all  clear. 

EXPERIMENTAL    DATA    ON    THE    SPREAD    OF    IMPROVEMENT 

Turning  to  more  relevant  facts,  we  may  begin  with  mem- 
orizing and  James'  oft-quoted  experiment.  In  this  and  in 
all  the  experiments  to  be  reported  it  is  well  to  bear  in  mind : 
( I )  That  in  all  the  experiments  the  two  functions  were  very 
closely  similar,  were  in  fact  such  as  the  older  psychologies 
and  pedagogies  generally  would  regard  as  identical;  and  (2) 
that  the  individuals  who  took  the  training  were  of  a  gifted 
class  compared  with  people  in  general,  and  would  be  more 
likely  than  they  to  use  the  ideas  and  habits  acquired  in  one 
field  when  tested  in  another. 

James  took  measurements  of  the  ability  to  memorize  one 
kind  of  verse  before  and  after  a  fixed  amount  of  training  with 
a  different  kind  of  verse.     The  results  were : 


Subject  I 
Subject  2 
Subject  3 
Subject  4 
Subject  5 

*  Subjects  3  and  4  had,  in  the  tests  before  and  after  training,  32 
and  30  days  of  training,  which,  as  Professor  James  thinks,  gave  too  mach 
chance  for  special  practice. 


Time  before 

Time  after 

Training 

Amount  of  Training 

Training 

131% 

First  book  of  'Paradise  Lost' 

is^'A 

1475 

416  lines  of  German  poetry 

14-54 

I32%0 

? 

I2l%o* 

3.67 

450  lines 

304* 

M-34 

? 

14.SS 

? 
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The  amounts  of  improvement  in  the  function  especially 
trained  are  not  given. 

Peterson  ['12]  has  repeated  James'  experiment  with  two 
subjects,  using  Paradise  Lost  (Books  I  and  II)  for  the  train- 
ing and  Tennyson's  The  Coming  of  Arthur  and  Guinez'ere 
for  the  tests.  The  results  were  that  in  the  training  series 
itself  subject  M.  P.  lost  about  as  much  as  the  other  (H.  P.) 
gained;  that  this  loser  in  the  training  improved  more  than 
H.  P.  in  the  tests.  Both  of  the  two  individuals  who  were 
trained  with  the  Milton  made  more  improvement  than  the 
average  of  seven  individuals  who  took  the  tests  only — about 
two  and  a  half  times  as  great  a  reduction  in  time  required. 

V     S 

/    "- 

i 
( 

^      P 

Fig.   148.     Samples  ef  Visual  Forms  Used  by  Ebert  and  Meumann. 

Ebert  and  Meumann  ['04]  made  an  elaborate  study  of 
memorizing  which  they  regard  as  a  measurement  of  the  in- 
fluence of  improvement  in  memorizing  series  of  nonsense 
syllables  upon  the  efficiency  of  memorizing  series  of  numbers, 
series  of  letters,  series  of  nonsense  syllables  by  a  different 
method,  series  of  unrelated  words,  series  of  visual  forms  such 
as  are  shown  in  Fig.  148,  German-Italian  word-pairs,  stanzas 
of  ix)etry,  and  paragraphs  of  prose. 

This  investigation  is  admirable  in  very  many  respects,  but 
it  does  not  give  measures  of  the  effect  of  the  practice  with  the 
64  series  of  12  nonsense  syllables*  upon  the  other  functions 
tested.     For  the  'tests'  with  the  other  functions  were  so  long 

*  64    for    three    individuals ;    47    for   the    other    three    of    the    six    who 
were  engaged  in  the  experiment. 

24 
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as  to  give  them  a  great  deal  of  special  practice,  and  no 
'control'  individuals  were  given  the  'tests'  without  the  training 
of  the  64  nonsense  series. 

The  amount  of  the  special  practice  given  by  the  tests  tliem- 
selves  will  be  realized  by  examining  the  following  record  of 
what  the  first  individual  listed  (Subject  B)  actually  did  in 
the  course  of  the  exi:)eriment.*  It  appears,  for  example,  that 
the  'tests'  for  prose  passages  alone  required  as  much  time  as 
the  entire  training  series,  f 

Table  34 

RECORD    OF    e's     MEMORIZING 

'Before  Training'  Tests. 

The   reproduction   of  7   series   of  numbers    (5   to   11   numbers)    after   one 

presentation. 
The    reproduction    of    7    series    of    letters    (5    to    11    letters)    after    one 

presentation. 
The   reproduction    of   5   scries   of  nonsense   syllables    (4   to   8)    after   one 

presentation. 
i7    repetitions    of    a    lo-syllable    nonsense    series    (28    to    learn    it,    9    to 

relearn  it  i  day  later). 
60    repetitions    of    a    12-syllable    nonsense    series     (49   to    learn    it,    ii    to 

releam    i    day    later). 
79    repetitions    of    a    14-syllable    nonsense    series    (63    to    learn    it,    16    to 

relearn  it  i  day  later). 
36    repetitions    of    a    i6-syllable    nonsense    series     (31    to    leani    it,    5    to 

relearn  it  i  day  later). 
36   repetitions    of   a    12-element   series    of    visual    forms    (25    to   learn,    11 

to  releam). 
51    repetitions   of   a    12-element   series   of   visual    forms    (37    to   learn,    14 

to  relearn). 
II     repetitions    of    30    German-Italian    pairs     (10    and     i:     13.3    minutes 

spent). 
7  repetitions  of  40  German-Italian   pairs    (6  and    i  :    10.3   minutes   spent). 

*  Two  of  the  subjects  had  even  much  more  special  practice  in  the 
tests  before,  in  the  middle  of  and  after  the  'training,'  since  these  two 
were  tested  in  three  other  functions  at  each  of  the  three  test  periods. 

t  Unless  I  have  overlooked  some  passage,  Ebert  and  Meumann  do  not 
anywhere  state  the  time  spent  in  reading  the  nonsense  syllables  of  the 
training  series.  I  have  estimated  it  very  generously  as  10  seconds  for 
each  repetition  of  a  12  syllable  series. 
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41    rq>etitions    of   32    lines    of   poetry    (39   and   2:    67.2    minutes    spent). 

In  this  case  B  did  double  the  amount  done  by  the  other  5  subjects. 
48  repetitions  of  30  lines  of  prose   (36  and   12:  92  minutes  spent). 

First  Training  Series. 

32  series,  each  of  12  nonsense  syllables,  were  learned  and  relearned, 
requiring  in  all,  536  repetitions  or,  say,  90  minutes  time  spent  in 
practice. 

Tests  after  the  Training  of  the  First  Training  Series. 

Ttie  reproduction  of  13  series  of  numbers    (7  to   19  numbers)    after  one 

presentation. 
The    reproduction    of    9    series    of    letters     (6    to    14    letter.^)     after    one 

presentation. 
The  reproduction   of  7   series  of  nonsense   syllables    (5  to    11)    after  one 

presentation. 
The   reproduction   of    12   series   of   unrelated   words    (5   to    16)    after  one 

presentation. 

7  repetitions  of  a  lo-syllable  nonsense  series  (4  to  learn,  3  to  re- 
learn). 

10  repetitions  01  a  12-syIIable  nonsense  series  (6  to  learn,  4  to  re- 
learn). 

8  repetitions  of  a  14-syllable  nonsense  series  (5  to  learn,  3  to  re- 
learn). 

7  repetitions  of  a  16  syllable  nonsense  series  (6  to  learn,  i  to  re- 
learn). 

21  repetitions  of  a  12-element  series  of  visual  forms  (16  to  learn,  5  to 
relearn). 

33  repetitions  of  a  12-element  series  of  visual  forms  (25  to  learn,  7  to 
relearn). 

4  repetitions  of  30  German-Italian  pairs   (3  and   i :  10.3  minutes  spent). 

4   repetitions  of  40  German-Italian  pairs    (3   andi  :  11.3   minutes   spent). 

12    repetitions    of    16    lines    of   poetry    (11    and    i:  14.3    minutes    .spent. 

a6    repetitions    of    30    lines    of    prose    (24    and    2:  49.8    minutes    spent. 

Second  Training  Series. 

yx  series,  each  of  12  nonsense  syllables,  were  learned  and  relearned, 
requiring  in  all  235  repetitions,  or  say  40  minutes.  (Three  of  the 
subjects  had  only  half  of  this  practice). 

Tests  after  the  Training  of  the  Second  Training  Series. 

The  reproduction  of  14  series  of  numbers    (y  to  20  numbers)    after  one 

presentation. 
Tbe    reproduction    of    11    series    of   letters    (8    to    18   letters)    after    one 

presentation. 
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The  reproduction  of  8  series  of  nonsense  syllables  (5  to  12)  after  one 
presentation. 

The  reproduction  of  13  series  of  unrelated  words  (6  to  18)  after  one 
presentation. 

4  repetitions  of  a  losyllable  nonsense  series  (3  to  learn,  i  to  re- 
learn). 

6  repetitions  of  a  12-syllable  nonsense  series  (5  to  learn,  1  to  re- 
Icarn). 

7  repetitions  of  a  14-syllable  nonsense  series  (5  to  learn,  2  to  re- 
learn). 

7  repetitions  of  a  i6-syllable  nonsense  series  (5  to  learn.  2  to  rc- 
learn). 

II    repetitions   of   a   12-element    series   of  visual   forms    (7   to   learn,  4   to 

relearn). 
19   repetitions   of   a   12-element   series  of  visual    forms    (12   to  learn,   7   to 

relearn). 
4   repetitions   of   30   Gennan-Italian   pairs    (3   and    i  :   6.4  minutes   spent). 
4  repetitions   of  40   German-Italian   pairs    (3   and   i  :   8.2   minutes   spent). 

8  repetitions   of    16   lines    of   poetry    (7   and    i:    13.8   minutes    spent). 
16   repetitions   of  20   lines   of   prose    (14   and   2:   46.2   minutes   spent). 

Tliese  experiments  give,  in  fact,  measures  of  the  effect  of 
a  certain  amount  of  varied  practice  due  to  tests  and  training 
together.  Without  control  experiments  the  total  effect  cannot 
be  distributed  amongst  these.  It  certainly  does  not  all  belong 
to  the  practice  with  the  64  (48  for  three  individuals)  series 
of  nonsense  syllables,  though  doubtless  improvement  with  these 
has  some  effect  on  the  learning  of  similar  lists  of  different 
content. 

I  append  the  essential  results  of  Ebert  and  Meumann's 
study  in  Tables  35  and  36.  In  these  tables  'Bef.  i'  means 
'Before  the  first  training  series;'  'Mid.'  means  'After  the 
first  but  before  the  second  training  series;'  'Aft.  2'  means 
'After  the  second  training  series;'  'Lea.'  means  that  the  facts 
in  question  were  for  the  first  learning  of  the  material ;  'Relea.' 
means  that  the  facts  in  question  were  for  relearniug  it  after 
24  hours. 
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Table  35. 

RESULTS  FOR  TRAINING  SERIES  :     E'oert  and  INIeumann. 

Average  Number  of  Repetitions  Required  for  Learning  and  Relearn- 
ing    I2-Syllable   Nonsense   Series. 


•0 

Series 

1-4 

Series 

29-32 

Series 

45-48 

Series 

61-64 

e 

Lea. 

Relea. 

Lea. 

Relea. 

Lea. 

Relea. 

Lea. 

Relea. 

B 

14.9 

4.0 

7.6 

SO 

6.3 

1.8 

3.8 

2.3 

Br 

15.8 

6.3 

8.4 

4.8 

6.8 

3.8 

5.8 

4.0 

F 

II. I 

3.8 

5-9 

30 

50 

2.3 

2.9 

1.8 

M 

20.1 

7.8 

12.3 

8.3 

10.5 

4-3 

S 

18.0 

8.5 

10.3 

S-5 

5-8 

2.8 

W 

175 

8.5 

10.3 

5-3 

II-5 

3.8 

Table  36. 

RESULTS    FOR   TEST    SERIES :      Ebert    and    Meumann. 

Reproduction    of    Series    of    Numbers    (1-20),    letters,    and    nonsense 
syllables  after  one  presentation. 

A.  Length  of  Series  Reproducible   Perfectly. 

^  Numbers  Letters  Nonsense  Syllables  Composite 

^  Bef.  I  Mid.  Aft.  2      Bef.  i  Mid.  Aft.  2    Bef.  i  Mid.  Aft.  2      Bef.  1   Mid.    Aft.  2 

B  7      9      13  6      9      II  578  18  25  32 

Br  7     ID      II  8     II       12  567  20  27  30 

F  5      8       13  5      9       12  4      5      9  14  22  34 

M  9      9       II  9     II       13  677  24  27  31 

S  7     10      II  7      9      12  678  20  26  31 

W  778  888  555  20  20  21 

B.  Length  of   Series   Reproducible  with   33^%   errors. 


> 

N 

umbers 

Letters 

Nonsense  Syllables 

Composite 

c 

Bef.  I 

Mid. 

Aft.  2 

r.ef.  I 

Mid. 

Aft.-- 

Bef.  I 

Mid. 

Aft.  2 

Bef.  I 

Mid. 

Aft.  2 

B 

10 

10 

20 

10 

14 

15 

6 

II 

12 

26 

44 

47 

Br 

II 

20 

20 

17 

17 

18 

8 

II 

12 

35 

48 

50 

F 

8 

17 

19 

7 

13 

17 

6 

10 

12 

21 

40 

48 

M 

II 

15 

17 

13 

13 

16 

10 

12 

12 

34 

40 

45 

S 

12 

14 

18 

ID 

IS 

16 

8 

15 

15 

30 

44 

49 

W 

10 

10 

12 

10 

14 

14 

8 

8 

10 

28 

32 

36 
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Table  36     (Continued). 

RESULTS    FOR    TEST    SERIES :      Ebcrt    and    Meumann. 

Learning  and  Releaming  Series  of  Nonsense  Syllables  Visually  Pre- 
sented. Number  of  Repetitions  Required  to  Learn  and  to  Relearn  after 
24  Hours. 


C 

10  Syllable 
Series 


D 

12  Syllable 
Series 


E 

14  Syllable 
Series 


F 

16  Syllable 
Series 


X) 

Bef 

.  I 

Hid. 

Aft. 

.  3 

B 

Lea. 

Relea. 

Lea 

Kelea. 

lea. 

Relea 

B. 

28 

9 

4 

3 

3 

I 

Br. 

23 

5 

7 

3 

5 

3 

F. 

23 

5 

5 

3 

2 

I 

M. 

31 

5 

II 

3 

4 

3 

S. 

19 

4 

7 

4 

4 

4 

W. 

14 

4 

II 

3 

8 

3 

B. 

49 

11 

6 

4 

5 

I 

Br. 

17 

4 

9 

3 

6 

3 

F. 

14 

2 

7 

3 

4 

3 

M. 

34 

7 

8 

4 

4 

3 

S. 

19 

5 

13 

4 

7 

4 

W. 

19 

6 

16 

5 

II 

3 

B. 

63 

16 

5 

3 

5 

2 

Br. 

26 

9 

13 

3 

8 

3 

F. 

24 

6 

II 

4 

4 

2 

M. 

41 

12 

M 

3 

3 

a 

S. 

21 

2 

13 

5 

7 

3 

w. 

29 

6 

16 

4 

13 

5 

B. 

31 

5 

6 

I 

5 

2 

Br. 

23 

8 

13 

3 

8 

3 

F. 

19 

6 

9 

3 

5 

2 

M. 

34 

9 

17 

5 

3 

3 

S.  33  2  20  6  10 

W.  27  6  21  4  18 
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Table  36     (Continued*). 
RESULTS    FOR   TEST   SERIES :      Ebcrt    and    Meumann. 

Learning  and  Releaming  Series  of  Visual   Forms.     Number   of  Rep- 
etitions Required. 


•5 

Bel 

F.  I 

Mid. 

Aft 

.  2 

c 

Lea. 

Relea. 

Lea. 

Relea. 

Lea. 

Relea. 

B. 

25 

II 

16 

5 

7 

4 

Br. 

26 

5 

17 

3 

6 

3 

G 

F. 

24 

6 

14 

3 

7 

2 

Easier  Series 

M. 

48 

6 

43 

4 

S. 

43 

8 

21 

3 

6 

3 

w. 

28 

12* 

25 

5 

18 

4 

B. 

37 

14 

25 

7 

12 

7 

Br. 

53 

7 

20 

4 

7 

3 

H 

F. 

33 

14 

12 

3 

5 

2 

Harder  Series 

M. 

75 

II 

40 

6 

S. 

61 

7 

32 

3 

10 

3 

W.  37  17*  58  5  31  6 

Learning    and    Releaming    German-Italian    Word-Pairs.      Amount    of 
Time  Required. 

^  Bef.  I  M'd.  Aft.  2 

^  Lea.  Relea<  Lea.  Relea.  Lea.  Relea. 

tS  Min.  Sec.    Min.  Sec.   ^^n.  See.    Min.  Sec.    Min.  Sec.  Win.  Sec. 


•      I 

Set  of 
30  Pairs 


B. 

12 

20 

I 

2 

8 

10 

2 

10 

5 

I 

25 

Br. 

14 

3 

52 

14 

10 

3 

2 

5 

21 

I 

26 

F. 

12 

15 

2 

10 

II 

20 

3 

5 

9 

I 

50 

M. 

9 

49 

I 

5 

15 

20 

2 

52 

12 

10 

S. 

14 

II 

4 

14 

18 

S 

I 

55 

6 

25 

3 

15 

W. 

5 

15 

I 

15 

8 

50 

2 

26 

6 

20 

2 

B.     9   5    I  15   8  15   3   5   6  10 
Br.    15   5    I  18   12  49   3  24   8  50 


J 

Set  of 
40  Pairs 


F. 

9 

8 

2 

51 

12 

34 

3 

50 

10  II 

2   6 

M. 

9 

25 

I 

12 

16 

19 

2 

54 

S. 

15 

8 

5 

10 

20 

2 

7  55 

3  41 

W. 

4 

58 

2 

5 

7 

55 

I 

50 

7  45 

2  14 

*  Subject  W  made  a  score  of  69  5  in  an  earlier  trial  by  an  unwise  method. 
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Table  z6     (Continued). 

RESULTS    FOR   TEST   SERIES :      Ebcft    and    Meumann. 

Learning   and   Relearning   Poetry   and   Prose.     Amount   of   Time   Re- 
quired. 


K 

i6  Lines 
of  Poetry 


> 

Before  i 

Mid. 

Aft 

.  2 

•5 

L, 

ea. 

Re 

lea. 

Lea. 

Rel 

ea. 

L< 

:a. 

Re 

lea. 

a 

Min. 

.Sec. 

,  Min. 

Sec. 

Min. 

Sec. 

Min. 

Sec. 

Min. 

Sec. 

Min. 

Sec 

B. 

20* 

2 

12 

10 

2 

5 

12 

2 

I 

46 

Br. 

15 

12 

4 

19 

15 

3 

50 

14 

5 

F. 

II 

6 

3 

17 

13 

45 

2 

23 

9 

34 

I 

20 

M. 

18 

55 

2 

19 

76 

I 

10 

21 

12 

S. 

22 

6 

2 

14 

10 

0 

14 

3 

ID 

W. 

9 

39 

2 

23 

15 

40 

4 

16 

14 

50 

I 

22 

B. 

72 

20 

45 

30 

4 

5 

42 

4 

10 

Br. 

64 

9 

39 

38 

10 

4 

00 

10 

4 

20 

F. 

52 

LS 

7 

50 

21 

46 

3 

52 

17 

42 

4 

5 

M. 

70 

20 

12 

2 

58 

10 

II 

s. 

72 

15 

10 

24 

31 

10 

5 

45 

30 

8 

26 

W. 

44 

8 

8 

35 

^i 

5 

9 

10 

24 

41 

8 

ID 

L 
20  Lines 
of  Prose 


*  Estimated.     B  learned  32  lines  in  62  min.,  relearning  them  in  5  min. 
12  sec. 

Dearborn  ['09]  repeated  the  test  series  of  Ebert  and 
Meumann's  experiments  without  the  training  series,  and  re- 
ports that : 

"The  results  indicate-  that  a  considerable  part  of  the  im- 
provement found  must  be  attributed  to  direct  practice  in  the 
test  series,  and  not  to  any  'spread'  of  improvement  from  the 
practice  series  proper.  There  is  further,  at  times,  lack  of 
correlation  betw^een  the  amount  of  improvement  made  in  the 
practice  and  that  made  in  the  test  series ;  occasionally  a  larger 
percentage  of  gain  is  made  in  the  latter  than  in  the  practice 
itself.  This  again  indicates  the  presence  of  direct  practice  in 
the  test  series. 

"Some  at  least  of  the  remaining  general  improvement 
found  is  to  l^e  explained  simply  in  terms  of  orientation,  at- 
tention, and  changes  in  the  technique  of  learning. 

"These  results  seem  to  render  unnecessary  the  hypothesis 
proposed  by  Ebert  and  Meumann  to  account  for  the  large 
extent  of  the  general  influence  of  special  practice,  which  their 
experiments  seem  to  indicate."     ['09,  p.  44] 

Dearborn   [*io,  p.  385]   reports  incidentally  the  facts  of 
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Table  37,  showing  that  the  increase  in  ability  to  memorize  the 
meanings  of  foreign  words  due  to  special  practice  thereat  does 
not  imply  anything  like  an  equal  increase  in  the  ability  to 
memorize  foreign  or  English  verse ;  and  also  that  the  increase 
in  ability  of  the  latter  sort  may  bring  a  far  smaller  increase 
in  the  ability  to  memorize  prose  or  even  verse  from  anotlier 
language.  He  points  out  that  a  certain  fraction  of  the  gain 
in  the  test  series  is  due  to  the  practice  which  the  tests  them- 
selves give. 

Table  yj. 
THE  SPREAD  OF  IMPROVEMENT  IN  MEMORIZING:     After  Dcarbom,  '10,  p.  385. 
Comparison  of  Ability  before  and  Ability  after  Practice. 

In  the  case  of  the  ability  In  the  case  of  an  allied  ability 

specially  trained  not  specially  trained 

Indiv- 
idual Subject  Matter 

1  French  vocabularies 

5  French  vocabularies 

3  French  vocabularies 

4  French  vocabularies 

2  German  vocabularies 

6  German  vocabularies 

7  Victor  Hugo 

8  Horace's  Odes 
II  Enoch  Arden 

9  Paradise  Lost 

Winch  ['08]  tested  school  pupils  in  respect  to  the  effect  of 
improvement  in  memorizing  poetry  upon  efficiency  in  mem- 
orizing from  passages  about  history  and  descriptions  of 
places.  The  memorizing  was  rote  memorizing  in  all  cases. 
Although  only  from  forty  to  sixty  minutes  were  spent  in  the 
special  practice  of  memorizing  poetry,*  there  was  apparently 
a  large  direct  improvement  from  the  special  training.  Those 
who  had  it  also  gained  in  rote  memorizing  of  prose  much 
more  than  the  group  of  pupils  tested  after  the  same  interval, 
but  without  the  special  training  in  memorizing  poetry. 

*  Plus    sixty   to    ninety   minutes    spent   in   reproducing   what   had   been 
memorized. 


'ercentage 
of  Gain 

Subject  Matter 

Percentage 
of  Gain 

57 

French  verse 

25 

62 

French  verse 

33 

53 

English  verse 

17 

55 

English  verse 

7 

60 

German  verse 

10 

57 

German  verse 

25 

82 

Brovv^ning 

52 

12> 

Norse  poem 

17 

55 

Burke 

2 

68 

Chemical   formulae 

0 
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Winch  ['lo]  measured  the  efficiency  of  each  member  of 
a  school  class  in  memory  for  the  sense  of  passages,  then 
divided  the  class  into  two  groups  of  equal  ability  in  this,  then 
gave  special  training  in  memory  for  meaningless  things  to 
one  group,  leaving  the  other  unpracticed,  and  finally  tested 
both  groups  again  with  memory  for  the  sense  of  passages. 

In  the  first  class  studied,  the  special  training  was  for 
three  periods,  one  a  week,  and  the  result  was  a  change  from 
13.8  (the  average  score  in  a  preceding  preliminary  test)  to 
15.8  (the  average  score  in  the  last  of  the  three  periods). 
In  the  final  test  with  memory  of  passages,  this  group  scored 
an  average  of  18.7,  a  gain  of  3.2  over  their  score  of  15.5 
before  the  training;  the  unpracticed  group  scored  an  average 
of  17.0,  a  gain  of  1.6  over  their  score  of  15.4  before  the 
training  which  they  did  not  have. 

In  the  second  class  studied,  the  special  training  consisted 
of  thirteen  exercises  in  rote  memory  preceded  and  followed 
by  four  tests  of  substance  memory.  These  eight  tests  of  sub- 
stance memory  were  taken  also  by  the  half  of  the  class  that 
did  not  take  the  thirteen  exercises  in  rote  memoi'}''. 

The  gain  of  the  practiced  group  in  rote  memory  was  from 
an  average  score  of  148.2  in  the  first  to  an  average  score  of 
164.2  for  the  loth,  nth,  12th  and  13th  periods.  Their  gain 
in  substance  memory  was  from  an  average  score  of  128  in 
the  before  training  to  one  of  155.4  in  the  after-training  series. 
The  corresponding  figures  for  the  non-practiced  group  were 
127.5  ^"d  147.6. 

In  the  third  class  studied,  the  special  training  comprised 
ten  periods  (each  of  six  minutes  study  plus  the  time  needed 
for  reproduction)  devoted  to  rote  memory  of  poetry,  preceded 
and  followed  by  four  tests  in  substance  memory.  These  eight 
tests  were  taken  by  the  entire  class. 

The  half  that  had  the  practice  in  rote  memory  for  poetry 
gained  rapidly  in  it,  the  average  score  for  periods  7-10  being 
20  per  cent  above  the  average  for  periods  1-4.  In  the  tests 
of  substance  memory  they  changed  from  an  average  score  of 
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38.4  to  one  of  48.8,  "shiW  *h^  Lupracticed  group  changed  from 
38.6  to  46.6. 

Sleight  ['11]  reports  two  elaborate  series  of  experi- 
ments on  the  influence  of  improvement  in  memorizing  of  one 
sort  upon  other  sorts.  In  general  his  results  show  very,  very 
slight  effects  therefrom;  and  inasmuch  as  the  methods  used 
are  in  many  respects  better  safeguarded  than  those  of  other 
workers  in  this  field,  his  results  deserve  special  weight  in  form- 
ing one's  expectations  with  respect  to  the  'transfer'  of  im- 
provement. In  one  particular  his  methods  were  at  fault :  he 
took  no  direct  measures  of  the  amount  of  improvement  in  the 
training  series  themselves.  This  allows  certain  different  inter- 
pretations of  his  results  to  be  theoretically  defensible ;  and  also 
makes  their  presentation  here  unusually  difficult.  I  shall 
choose  an  interpretation  which  I  am  sure  all  but  the  most 
stubborn  and  evasive  advocates  of  extensive  formal  discipline 
would  accept,  and  present  his  results  so  far  as  limitations  of 
space  permit.* 


*  Mr.  Sleight  will  perhaps  object  somewhat  to  the  massing  of  his 
results  which  I  have  carried  through  here,  and  to  my  omission  of  the 
detailed  answers  which  he  thinks  that  his  results  give  to  special  issui^s 
in  transfer.  The  critical  student  should  therefore  take  pains  to  read 
the   original   paper. 

The  reason  for  what  I  have  done  lies  in  the  large  unreliabilities 
of  all  of  Mr.  Sleight's  determinations  for  the  ten  tests  which  he  used, 
when  each  test  is  taken  separately.  As  a  consequence  of  these  large 
unreliabilities,  he  uses  in  argument  only  the  cases  where  the  positive 
(or  negative)  'transfer'  effect  is  a  large  multiple  of  its  unreliability, 
discarding  the  others  as  insignificant,  or  as  significant  of  zero  transfer. 
I  evade  the  same  difficulty  by  combining  the  data,  with  consequent  re- 
duction of  the  unreliabilities,  but,  of  course,  with  limitation  to  coarser 
conclusions.  I  am  in  heartiest  sympathy  with  Mr.  Sleight's  objections 
to  arguing  from  a  small  difference  with  a  large  unreliability,  say  a 
difference  of  20  with  an  unreliability  of  15;  but  he  seems  to  me  to 
forget  that  the  unreliable  20  is  exactly  as  likely  to  be  really  40  as 
it  is  to  be  really  o.  He  seems  also  to  be  in  some  danger  of  forgetting 
that  a  50  with  an  unreliability  of  15  and  a  25  with  an  unreliability  of  15 
are  just  as  likely  to  mean  really  the  same  amount  of  transfer  as  a 
2$  and  a  zero   (each  having  an  unreliability  of  15)    are. 
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The  training  series  were  of  three  sorts,  described  by 
Sleight  as  follows : 

"One  group  was  made  to  learn  by  heart  'poetry,'  another 
*tables,'  and  the  other  to  reproduce  the  substance  of  prose 
selections.  .  .  .  The  three  kinds  of  practice  were  conducted 
orally.  The  'poetry'  group  repeated  line  by  line  after  the  ex- 
perimenter until  the  average  child  could  repeat  the  whole  with- 
out help.  To  maintain  interest,  individuals  were  occasionally 
called  upon  to  recite  alone,  but  nine-tenths  of  the  work  was 
done  collectively.  From  20  to  30  lines  were  memorised  each 
day.  The  matter  of  the  poems  was  generally  fairly  within 
the  comprehension  of  the  children,  although  some  were  dis- 
tinctly too  difficult,  as,  for  instance,  Shelley's  Skylark  and 
The  Cloud.  All  the  selections  learned,  except  two,  had  the 
characteristic  of  rhyme;  the  two  exceptions  were  taken  from 
Hiazvatha.  Lines  of  all  lengths  and  rhymes  of  all  kinds  and 
arrangements  were  employed. 

The  same  procedure  was  followed  in  the  'tables'  practice ; 
as  material  were  used  multiplication,  pence,  and  metric  tables 
of  all  kinds,  squares,  vulgar  fractions  with  their  decimal 
equivalents,  distances  from  London  to  the  chief  towns  of 
England,  etc. 

In  'prose-substance'  practice  the  selections  were  scientific, 
geographical  and  historical,  or  took  the  form  of  simple  narra- 
tive. The  piece  was  read  twice  to  the  children,  who  then  wrote 
out  the  gist  as  well  as  they  could  remember  it.  Sometimes 
one  long  extract,  and  sometimes  two  shorter  ones  were  given, 
in  order  to  maintain  the  attention  and  interest. 

Care  was  taken  that  each  group  should  work  under  similar 
conditions.  For  example,  the  group  which  underwent  no 
memory  training  was  never  allowed  to  have  the  impression 
that  it  was  in  any  way  handicapped  or  under  conditions  not 
similar  to  those  of  the  others.  This  precaution,  which,  so  far 
as  it  is  possible  to  judge  from  the  accounts  of  other  experi- 
ments, has  hitherto  received  no  attention,  was  A-ery  necessary 
to  obviate  the  possibility  of  any  laxity  or  lack  of  interest  on 
their  part."     ['n,  pp.  403-405] 

One  group  took  the  'before'  and  'after'  test  scries  without 
any  interspersed  training  series. 

In  all  that  follows.  Group  i.  Group  2,  Group  3,  and  Group 
4  will  mean  respectively  those  who  took  the  ten  tests  without 
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any  training  series,  those  who  were  trained  with  'poetry,' 
those  who  were  trained  with  'tables,'  and  those  who  were 
trained  with  'prose  substance.' 

The  training  scries  lasted  for  720  minutes  spread  over 
six  weeks,  preceded,  divided  in  the  middle,  and  followed  by 
test  series.  Eighty-four  girls  of  Standard  VI  served  as  sub- 
jects. Section  I,  Section  II  and  Section  III  will  be  used  to 
refer  to  the  three  sets  of  test  series. 

The  test  series  were  ten  in  all,  as  follows : 

I.     Prolonged  Learning. 

"i.  Points  in  Circles.  This  was  an  adaptation  of  a  test 
used  by  Macdougall  and  Burt.  Circles  of  18"  in  diameter 
were  drawn  upon  white  cardboard,  one  upon  each  sheet. 
Within  the  circles  were  heavy  black  spots  of  ^"  in  diameter, 
and  varying  in  number  from  three  to  six.  The  children  were 
provided  with  paper  of  foolscap  size,  ruled  into  squares  of 
ys",  upon  which  circles  of  four  squares  radius  had  been 
traced.  One  of  the  large  cards  was  hung  in  front  of  the  class, 
the  circle  upon  it  being  covered.  An  exposure  of  one  second 
was  then  given,  immediately  after  which  the  children  at- 
tempted to  reproduce  upon  their  own  paper  the  positions  of 
the  spots.  It  was  previously  explained  that  the  position  of 
every  spot  upon  the  plain  large  circle  corresponded  with  a 
junction  of  lines  upon  the  foolscap.  Each  card  was  exposed 
six  times,  the  children  thus  making  six  attempts  to  remember 
the  exact  positions  relative  to  the  circle  and  one  another. 
No  one  was  allowed,  however,  to  alter  or  fill  in  any  circles 
left  totally  or  partially  blank,  as  her  estimate  of  the  positions 
became  more  correct  with  repeated  views.  The  marking  con- 
sisted in  estimating  the  number  of  correct  positions. 

"2.  Dates.  Two  series,  each  consisting  of  six  dates  and  their 
corresponding  events,  were  repeated  by  the  children  after  the 
experimenter  a  given  number  of  times,  the  numl^r  of  repre- 
sentations being  announced  beforehand.  The  event  was  then 
read  out  and  the  children  wrote  the  date.  The  order  of  testing 
was  always  different  from  that  of  the  repetitions,  although  the 
same  order  was  maintained  in  every  cross-section.  In  mark- 
ing, each  figure,  correct  and  in  its  proper  position,  counted 
as  one,  except  in  the  case  of  the  first  two  mmibers,  which 
together  counted  as  one;  a  number  correct  but  out  of  position 
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received  no  mark,  but  where  two  correct  numbers  occupied 
each  other's  place,  one  mark  was  given. 

"3.  Nonsense  Syllables.  These  syllables,  constructed  ac- 
cording to  the  rules  of  G.  E.  Miiller,  were  printed  in  letters 
3"  long  and  i^^"  wide  in  white  chalk  upon  a  blackboard  disc 
which  was  made  to  revolve  behind  a  screen,  and  were  exposed 
to  the  class  by  means  of  a  rectangular  aperture  in  the  screen. 
The  rate  of  revolution  was  kept  constant.  The  eight  syllables 
uf  each  series  were  exposed  in  succession  five  times,  the 
children  repeating  them  aloud  as  they  appeared.  They  were 
previously  told  to  emphasize  the  second  member  of  each 
couplet.  Immediately  afterwards  the  experimenter  repeated 
the  first  word  of  each  pair,  and  the  class  attempted  to  write 
the  associated  syllable,  that  is,  the  next  following. 

"4.  Poetry.  A  stanza  of  from  eight  to  twelve  lines  was 
first  read  through  to  the  class ;  the  whole  class  then  repeated 
each  line  after  the  experimenter,  always  reciting  the  stanza 
from  beginning  to  end.  After  a  given  number  of  repetitions 
( the  particular  numl^er  was  announced  at  the  l")eginning  of  the 
test)  the  children  wrote  all  that  they  could  remember.  When 
finished,  their  writing  was  covered,  not  to  be  seen  or  touched 
again.  The  piece  was  then  given  a  few  more  repetitions  and 
a  second  attempt  made  to  rq^roduce  it;  the  correct  items  in 
each  attempt  were  arranged,  and  constituted  the  test  result. 
One  such  selection  by  Blake  was  as  follows : 

"The  sun  descending  in  the  West, 
The  Evening  Star  does  shine; 
The  birds  are  silent  in  their  nest, 
And  I  must  seek  for  mine. 
The  moon,  like  a  flower, 
In  Heaven's  high  lx)wcr, 
With  silent   delight 
Sits  and  smiles  on  the  night." 

"5.  Prose.  The  material  for  this  test  consisted  in  a  short 
literary  extract,  such  as  the  following: 

"At  the  usual  evening  hour  /  the  chapel  bell  began  to 
toll  /  and  Thomas  Newcome's  hands  outside  the  bed  /  feebly 
beat  time.  /  And  just  as  the  last  bell  struck,  /  a  peculiar  sweet 
smile  shone  over  his  face,  /  and  he  lifted  up  his  head  a  little 
/  and  quickly  said  'Present,'  /  and  fell  back.  /  It  was  the  word 
we  used  at  school  /  when  names  were  called,  /  and  lo !  he  / 
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whose  heart  was  as  that  of  a  httle  child,  /  had  answered  to  his 
name  /  and  stood  in  the  presence  of  the  Master."  / 

"The  general  procedure  adopted  here  was  similar  to  that 
of  the  previous  test,  the  repetitions  in  this  case  l>eing  for  the 
first  attempt  six,  and  for  the  second  three.  Logical  portions 
were  first  marked  out  as  indicated  above,  and  adhered  to 
throughout. 

"6.  Prose  Substance.  A  piece  of  prose,  well  within  the 
comprehension  of  the  children,  was  read  twice  to  them,  and 
they  were  asked  to  write  the  substance  of  it.  This  method 
was  adopted  in  preference  to  the  questionnaire,  because  al- 
though not  so  easy  to  mark  and  assess  numerically,  it  involved 
a  smaller  expenditure  of  time;  when  treated  in  this  way  it 
became  a  more  usual  form  of  test  to  the  children,  and  it  also 
avoided  the  difficulty  of  suggestion.  In  practice  it  was  quite 
easy  to  assess.  Every  correct  fact  was  given  one  point ;  for 
example,  such  a  phrase  as  "fierce  little  scorpions,"  or  "the  warm 
sunny  South,''  received  three  marks,  one  for  each  so-called 
fact,  viz :  'fierce,'  'little,'  and  'scorpions,'  whether  the  exact 
word  was  given  or  not.  The  whole  of  the  exercises  were 
marked  by  the  experimenter,  a  rigid  uniformity  being  in  this 
way  maintained.  The  nature  of  the  test  is  l)est  understood 
by  an  example : 

"Plenty  of  these  fierce  little  scorpions,  which  hide  under 
stones  by  day  and  come  out  by  night,  may  be  found  in  the 
warm  sunny  South,  and  though  they  look  so  like  crabs,  they 
are  real  land  animals.  They  have  no  means  of  spinning, 
and  have  a  poison  dart  in  the  tail,  yet  they  belong  to  the 
spider  family,  as  may  be  seen  by  their  four  pairs  of  legs,  their 
sharp  pincers  which  take  the  place  of  the  feelers  of  insects. 
their  claws,  which  are  part  of  their  mouth-pieces  and  are 
fixed  to  the  jaws,  and  narrow  slits  under  the  stomach  through 
which  they  take  in  air  to  breathe." 

II.     Immediate  Learning. 

"7.  Map  Test.  A  large  map  of  the  world,  on  Mercator's 
projection,  was  hung  upon  the  wall  before  the  class.  Each 
child  had  a  corresponding  outline  map  upon  the  desk  in  front 
of  her.  A  long  pointer  was  used  by  the  experimenter  to 
show  a  certain  position  on  the  wall  map;  at  the  moment  of 
pointing,  the  name  of  the  place  was  called  out.  such  dis- 
tinctive names  as  cape,  bay,  river,  etc.,  being  omitted.     The 
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wall  map  was  then  immediately  covered,  and  the  names  of 
the  places  again  called  out,  upon  which  the  children  placed  a 
cross  on  their  own  map,  indicating  as  exactly  as  they  could 
the  precise  positions.  The  first  sixteen  places  were  given  out 
two  at  a  time,  the  remaining  twenty-four  three  at  a  time. 
Names  were  always  read  out  in  the  same  order  as  first  given, 
so  that  it  was  almost  purely  a  test  of  space  relations.  The 
method  of  marking  was  as  follows :  the  extent  of  the  spatial 
error  was  measured  in  twelfths  of  an  inch;  all  errors  of  more 
than  2"  and  all  omissions,  counting  as  errors  of  2". 

"8.  Dictation.  This  consisted  of  a  piece  of  continuous 
prose  divided  into  intelligible  and  grammatically  complete  por- 
tions, beginning  with  eight  and  increasing  in  length  gradually 
to  nineteen  words.  Each  portion  was  dictated  once,  the 
children  immediately  writing  what  they  remembered.  The  re- 
sult was  given  in  the  number  of  correct  words. 

"9.  Letters.  Consonants  only  were  used  in  this  test  in 
order  that  there  should  be  very  little  tendency  on  the  part  of 
the  children  to  seek  secondary  associations.  The  test  was 
composed  of  16  series  of  letters;  numbers  i  and  2  consisted 
of  four  letters  each;  nos.  3  and  4  of  five;  5  to  8  of  six;  9  to 
12  of  seven;  and  13  to  16  of  eight  letters  each.  Each  series 
was  dictated  by  the  experimenter  once,  the  children  immediately 
attempting  to  reproduce.  In  the  marking,  an  omission  or  ad- 
dition was  reckoned  as  one  error;  if  the  letter  was  one  place 
out  of  position,  as  half  an  error;  if  more  than  one  place  out, 
three-quarters  of  an  error.  The  total  number  of  errors  was 
deducted  from  the  entire  number  of  letters  to  find  the  total 
correct  items. 

"10.  Names.  Forty-four  common  Christian  names  and 
surnames  were  used  in  this  test,  dictated  first  in  two's,  of  which 
there  were  two,  then  in  three's,  of  which  there  were  eight, 
and  lastlv  in  four's,  of  which  there  were  four  series.  Thus, 
after  the  experimenter  had  read  two,  three  or  four  double 
names,  he  repeated  a  surname  and  the  children  were  asked 
to  write  down  the  Christian  name  which  belonged  to  it.  The 
names  were  not  given  in  the  order  in  which  they  were  first 
read,  so  that  it  was  necessary  to  try  to  associate  each  surname 
with  its  particular  Christian  name.  The  numl^er  of  correct 
names  gave  the  measure  of  the  individual's  ability. 

"The  following  general  precautions  were  taken : 

(a)  Each  child  was  provided  with  a  large  sheet  of  blotting- 
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paper,  which  she  moved  slowly  down  over  her  paper  as  she 
wrote  her  answers,  the  chances  of  copying  being  thus  reduced 
to  a  minimum. 

(b)  All  answers  were  written  with  a  lead  pencil,  in  order 
to  obviate  technical  writing  difficulties. 

(c)  Full  time  was  allowed  for  every  answer,  so  that  every 
child  did  all  that  she  was  able. 

(d)  So  far  as  the  experimenter  could  effect  it,  no  test  was 
begun  or  carried  on  unless  every  child  appeared  to  be  giving 
her  attention. 

(e)  Careful  explanation  as  to  what  the  child  was  expected 
to  do  was  made,  and  every  unfamiliar  test  was  preceded  by  a 
short  practice."      [Sleight,  'ii,  pp.  406-412] 

Each  individual  was  scored  in  each  test  of  each  series. 
From  these  individual  scores,  scores  representing  the  ability 
of  each  group  in  each  test  of  each  series  were  calculated. 
These  appear  in  Table  38.  From  Table  38  are  derived  the 
measures  of  the  improvement  from  the  first  set  of  tests 
(Section  I)  to  the  middle  set  (Section  II)  and  from  each  of 
these  to  the  final  set  (Section  III),  shown  in  Table  39. 
The  reader  unversed  in  statistical  methods  will  not  be  able 
to  follow  the  derivation  of  Table  39  from  Table  38,  but  may 
rest  assured  that  Table  39  does  give  fair  measures  of  the 
gains  (and  losses).  What  Sleight  does  is  to  turn  gross 
gains  (or  losses)  into  multiples  of  the  variability  of  the 
test  in  question  in  the  group  in  question.* 

Consider    now    simply   the    column    in    Table    39    under 
"Section    III    compared    with    Section    I,"    which    gives    the 

*  Of   this   very   wise   procedure.    Sleight   says : 

"To  make  such  heterogeneous  amounts  at  all  comparable,  the  usual 
statistical  device  is  to  take  as  units  the  mean  variabilities  of  the  classes 
of  performance  compared.  This  seems  reasonable;  for  if  one  class 
furnishes  on  the  whole  more  variable  measurements  than  another,  it 
is  almost  equivalent  to  saying  that  variation  in  this  class  is  correspond- 
ingly easier  than  in  the  other.  By  making  the  variability  our  unit  of 
measurement,  we  eliminate  this  inequality  in,  it  appears,  the  fairest  possible 
manner.  This  has  the  further  advantage  that  the  tests  marked  by  the 
number  of  corrects  are  made  comparable  with  those  marked  by  the 
number  of  errors;  and  it  is  scarcely  possible  to  do  this  with  the  method 
of  percentages."      ['11,  p.  414] 
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result  of  the  entire  six  weeks'  experimentation.  Turning-  it 
into  a  series  of  values  whereby  the  specially  trained  groups 
2,  3  and  4  surpass  group  i  which  had  no  special  training, 
we  have  Table  40. 

It  is  obvious  that  there  is  very  little  to  gain  for  memoriz- 
ing in  general  from  the  special  practice  with  either  'poetry,' 
'tables'  or  'prose.'  From  Table  39  it  can  be  computed  that 
the  test  series  themselves,  as  taken  by  group  4,  showed  an 
average  gain  of  52.  The  average  superiority  of  those  who 
had  the  special  training  to  this  52  is,  as  shown  in  Table  40, 
only  8.  This  '8'  includes  the  results  in  cases  where  the 
training  series  and  test  series  were  almost  identical  in  content 
or  in  procedure.  Half  of  the  thirty  cases  showed  zero  or 
negative  superiority  for  the  specially  trained.  Minute  con- 
clusions about  the  special  effect  of  each  sort  of  practice  upon 
each  of  the  tests  are  so  insecure  that  I  shall  not  attempt  any. 
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Table  38. 
the  scores   in   early,  intermediate,   and  late  tests  which   were 

MADE  BY  THOSE  WITH  NO  SPECIAL  PRACTICE  (Group  l)  AND  BY  THOSE 
WITH  SPECIAL  PRACTICE  IN  LEARNING  POETRY  (Group  2).  IN  LEARNING 
TABLES    (Group  3),  AND  IN  LEARNING  PROSE     SUBSTANCE    (GrOUp  4).      After 

Sleight,  '11,  p.  413. 

Section  I  Section  II  Section  III 

_    .                                  _  Early  Test  Middle  Test  Final  Test 

Pomts Group    i  73.9  86.2  86.5 

3  66.8  80.2  84.5 

3  66.5  77.2  90.3 

4  58.5  69.8  76.5 
Dates    Group     i  14.4  15.3  18.1 

"2  14.7  16.8  20.4 

3  18.9  21.9  21.3 

4  177  171  20.1 
Nons.    Sylls Group     i  20.7  20.7  22.8 

"          2  19.8  24.9  27.3 

3  19-2  24.9  28.2 

4  21.9  21.0  24.6 
Poetry Group     i  58.5  62.4  63.8 

2  56.5  59.4  57.9 

3  60.3  60.9  64.4 

4  59-4  63.4  74.7 
Prose    (literal)..    Group     t  109.8  117.4  1 18.6 

2  101.9  107.3  107.5 

3  108.1  113.0  1 15.6 

4  1046  1 13.7  1 18.3 
Prose  Subs Group     i  27.5  28.8  30.5 

2  23.S  24.8  24.7 

3  23.5  27.1  27.1 

4  22.8  28.8  28.3 
Map  Test Group     i  63.9  65.9  72.4 

2  65.9  65.1  81.9 

3  65.9  64.0  74.5 

4  68.3  66.8  78.7 
Dictation Group     i  134.1  135-9  139  o 

2  129.6  130.9  130.0 

3  129.3  130.3  1328 

4  129.8  133.6  134.7 
Letters Group     i  76.1  78.9  8o._' 

"         3  79.2  81.7  82.6 

3  76.5  78.4  80.8 

"          4  78.7  81. 1  82.4 

Names    Group     i  32.7  41.5  41.4 

2  34.7  39.9  42.7 

3  35-3  39-7  421 

4  35-5  41-5  45-9 
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Table  39.    After  Sleight,  '11,  p.  415. 
Showing  Improvement  and  Retrogression  of 
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Group  I  refers  to  the  'Unpractised,'  Group  2  to  the  'Poetry  practised,' 
Group  3  to  the  'Tables  practised,'  Group  4  to  the  'Prose  Substance 
practised.' 

Each  number  in  the  'Unreliability'  column  means  roughly  that  the 
chances  are  even  that,  if  thousands  of  pupils  had  been  subjected  to  the 
experiment,  the  corresponding  entry  in  the  preceding  column  would  not 
rise  or  fall  more  than  that  amount  The  chances  are  even,  for  example*, 
that  the  53  would  not  rise  above  65  or  fall  below  41. 
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Sleight  carried  out  also  a  similar  series  of  experiments 
with  women  students  of  average  age  18-19.  Six  of  the  ten 
test-series  described  on  pages  381  to  384  were  given  before 
and  after  training  series.  In  the  training  series  one  group 
practiced  memorizing  in  poetry,  another,  in  tables,  another 
in  the  reproduction  of  prose  selections,  while  another  had  no 
special  training  at  all.  The  training  was  carried  on  for  twelve 
days,  for  half  an  hour  a  day. 

"For  the  practice  in  'poetry,'  cyclostyled  selections  of 
verse  were  handed  to  the  members  of  the  group,  and  were 
memorised  by  whatever  means  were  found  individually  suit- 
able. From  30  to  60  lines,  varying  in  number  according  to 
their  length,  were  learned  daily.  If  a  student  found  she  could 
not  complete  the  work  in  half-an-hour,  it  was  understood  that 
she  should  not  continue  beyond  that  time.  It  is  evident  that 
the  training  here  described  differed  considerably  from  that 
which  the  school  children  of  the  corresponding  group  under- 
went. The  students  had  the  material  presented  to  them  in 
written  form,  and  chose  their  own  procedure.  The  children 
received  theirs  in  auditory  form,  and  were  therefore  less  free 
in  their  choice  of  method. 

"A  similar  plan  was  followed  with  the  training  in  the 
memorising  of  'tables.'  Here  again,  however,  there  was  a 
difference.  Since  the  material  practised  included  population, 
import  and  export  tables,  foreign  and  English  coinage  systems 
and  other  data  of  a  somewhat  irregidar  form,  it  gave  far  less 
opportunity  for  the  employment  of  rhythm. 

"Between  the  training  of  students  and  the  school  children 
in  the  reproduction  of  prose  selections,  there  was  little  differ- 
ence except  in  length  and  difficulty.  .  .  . 

"The  two  cross-sections  consisted  each  of  six  tests  of  the 
following  kind  : 

"i.  Dates.  A  series  of  ten  was  dictated,  event  and 
associated  date  being  repeated  after  the  experimenter.  The 
list  was  repeated  six  times,  after  which  the  students  repro- 
duced the  date  appropriate  to  the  event  read  out.  The  order 
of  the  test  was  different  from  that  of  the  repetitions,  but  was 
the  same  in  both  cross-sections. 

"2.  Nonsense  Syllables.  Here  again,  the  procedure  re- 
sembled that  of  the  preceding  experiment,  except  that  there 
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were  twelve  instead  of  eight  syllables  in  each  of  the  three 
series  of  the  test ;  and  for  these,  five  repetitions  were  given. 
The  marking  was  carried  out  as  before. 

"3.  Poetry.  This  consisted  in  repeating  after  the  ex- 
perimenter line  by  line  a  stanza  consisting  of  about  eighty 
words.  The  repetitions  were  preceded  by  one  complete  read- 
ing of  the  poem  by  the  experimenter.  The  number  of  words 
correctly  written  out  constituted  the  measure  of  the  in- 
dividual's ability. 

"4.  Prose.  A  prose  extract  was  memorized  in  exactly 
similar  fashion.     One  of  these  extracts  was  as  follows : 

"I  have  thoroughly  tried  school-keeping,  he  writes,  /  and 
found  that  my  expenses  were  in  proportion,  /  or  rather  out  of 
proportion  to  my  income ;  /  for  I  was  obliged  to  dress  and 
train,  /  not  to  say  think  and  believe  accordingly,  /  and  I  lost 
my  time  into  the  bargain.  /  As  I  did  not  teach  for  the  benefit 
of  my  fellowmen,  this  was  a  failure.  /  I  have  tried  trade,  / 
but  I  found  that  it  would  take  ten  years  /  to  get  under  way  in 
that,  /  and  that  then  I  should  probably  be  on  my  way  to  the 
devil."  / 

"For  this  piece,  one  complete  reading  on  the  part  of  the 
experimenter  and  four  repetitions  were  given,  after  which  the 
students  wrote  what  they  remembered,  and  the  number  of 
correct  words  was  taken  to  represent  the  student's  memory 
within  the  limits  of  this  test. 

"5.  Prose  Substance.  This  consisted  as  before  in  reading 
twice  a  short  prose  extract,  after  which  the  substance  was  re- 
produced in  writing.  In  order  to  make  definite  marking 
possible,  pieces  were  selected  which  contained  fact  without 
reflections,  and  a  mark  was  given  for  every  fact  in  the  way 
employed  in  the  previous  experiment. 

"6.  Letters.  This  was  the  only  test  in  immediate  learning, 
and  differed  from  those  of  Experimental  Series  A  in  being 
extended  to  nine  letters  at  one  dictation.  [Sleight,  'ii,  pp. 
428-430,  passim] 

The  improvement,  measured  as  in  Table  39,  is  given  in 
Table  41a.  Turning  Table  41a  into  a  table  of  the  amounts 
whereby  the  specially  trained  Groups  2,  3  and  4  surpass 
Group  I,  which  had  no  special  training,  we  have  Table  41b. 
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Table  41a.     After  Sleight,  '11,  p.  430. 
Showing  Improvement  made  in  Test  Series  II. 


Dates . 


Nons.  Sylls. 


Poetry . 


.Group  I  Unpracticed..  . . 

' '       2  Poetry  practiced 

"       3  Tables  " 

"      4  Prose  Subs.  " 

Group  I  Unpracticed 

"       2  Poetry  practiced 

"       3  Tables  " 

"      4  Prose  Subs.  " 

Group  I  Unpracticed 

' '       2  Poetry  practiced 

"       3  Tables 

"       4  Prose  Subs.  " 

Prose  (literal)  ...Group  i  Unpracticed 

"       2  Poetry  practiced 

"       3  Tables  " 

"       4  Prose  Subs.  " 

Prose  Subs Group  i  Unpracticed. . . . 

"       2  Poetry  practiced 

"      3  Tables  " 

"       4  Prose  Subs.  " 

Letters Group  i  Unpracticed. . . . 

"       2  Poetry  practiced 

"       3  Tables 

"       4  Prose  Subs.  " 


mprovement 

Probable  error 

3 

17 

3$ 
63 

19 
17 

— 

-I 

17 

66 

9 

100 

10 

75 

9 

4 

10 

14 

II 

47 

12 

— 

-12 

II 

7 

II 

35 

14 

43 

15 

— 

-I 

14 

18 

14 

16 

22 

8 

65 
68 

24 
24 

22 

34 

9 

9 

10 

30 

9 

7 

9 

Table  41^. 
superiority  of  groups  2,  3  and  4  to  group  i  i>f  improvement 


<i 

V 

c 
11 

^% 

52 

0 

GROUPS  COMPARED 

c 

0 

22 

0  « 

-0 

c 

a 

Bii 

o-s 

■u« 

2 

c 

c 

C  — 

c" 

c 

> 

t-i 

'"' 

1-1^ 

'"' 

•"* 

< 

Superiority  of  Group  2  (po- 

etry practiced)  to  Group 

I    (unpracticed),  in  im- 

provement           

32 

33 

33 

9 

—7 

—24 

13 

Superiority     of     Group     3 

(tables  practiced)to  Group 

I    (unpracticed),    in    im- 

provement  

59 

9 

-27 

— 3t> 

49 

—  3 

8;^ 

Superiority     of     Group    4 

(prose    substance    prac- 

ticed) to  Group  I  (unprac- 

ticed), in  improvement.. 

-6 

-^2 

-  7 

-17 

52 

27 

—2 
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It  is  obvious  that  in  general  there  was  very  Httle  or  no 
spread  of  improvement.  In  ten  out  of  eighteen  cases,  the 
group  with  no  practice  did  better.  In  spite  of  the  substantial 
identity  of  some  of  the  test  series  with  the  training  series, 
the  average  superiority  of  Group  2,  3  and  4  is  only  3.  If 
we  leave  out  the  case  of  prose  substance  training  on  the  test 
in  prose  substance  it  is  o. 

The  training  series  used  by  Fracker  ['08]  was  attending 
to  and  memorizing  the  order  of  four  intensities  of  the  same 
tuning-fork,  each  lasting  one-half  second  with  intervals  each 
of  a  half  second,  and  holding  the  order  in  memory  for  eight 
seconds  during  the  first  four  of  which  he  recorded  the  order 
of  the  four  heard  twelve  to  eight  seconds  previously,  and 
during  the  second  four  of  which  he  attended  to  and  memo- 
rized a  new  arrangement  of  the  four.  That  is,  the  training 
was  after  the  following  plan,  (T.  S.)  in  which  each  successive 
line  equals  four  successive  seconds. 

T.S.  Series  o  of  the  four  intensities  sounded,  say,  in  order,  i,  3,  2,  4, 
The  subject  repeats  Series  8  as  well  as  he  can. 

Series   10  of  the   four   intensities   sounded,   say,   in  order,  4,    i,  2,   3. 
The  subject  repeats  Series  9  (i  3  2  4)  as  well  as  he  can. 
Series    11    of   the    four   intensities    sounded,   say,   in   order    i,   4,    2,    3. 
The   subject   repeats    Series    10  as    well   as   he   can. 

One  subject,  G.  C.  F.,  took  3600  such  series;*  six  sub- 
jects took  each  about  3000.  One  subject,  M.  C.,  took  only 
600. 

The  Test  Series  consisted  of : 

1.  Memorizing  stanzas  of  poetry. 

2.  Attending  to,  memorizing  and  holding  in  mind  the  order  of  four 
grays  exactly  as  was  done  in  the  training  series  with  the  fou' 
intensities  of  sound. 

3.  Memorizing  arrangements  of  four  intensities  of  sound  (the  same  in- 
tensities that  were  iised  in  the  training  series),  presented  in  series 
of  nine. 

4.  Memorizinej  arrangements  of  four  grays  exposed  one  at  a  time 
in  series  of  nine. 

*  And  later  3600  more,  but  the  effect  of  these  will   not  be  discussed 
feere. 
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5.  Memorizing  and  holding  in  mind  the  order  of  four  tones  (those 
composing  the  major  chord  on  the  piano)  exactly  as  was  done  in 
the  test  series  with  the  intensities  of  sound  and  in   (2)   with  the  grays. 

6     Memorizing  nine  geometrical  figures  such  as  are  shown  in   Fig.   149. 


r  L  F 


Fig.   149.     Samples  of  Visual  Forms  Used  by  Fracker. 

The  nine  were  exposed  all  together  for  ten  seconds;  the  subject 
duplicated  them  in  their  order  by  a  drawing  at  the  end  of  the 
ten  seconds. 

7.  Memorizing  nine  two-place  numbers  in  their  order.  ,\fter  one  hear- 
ing, covering  thirteen  and  one  half  seconds,  the  subject  wrote  as 
many  as  he  could. 

8.  Memory  of  the  extent  of   arm  movements. 

In  what  follows  I  shall  for  the  present  omit  from  con- 
sideration the  subject  M.  S.  (who  had  only  two  days  or 
600  series  practice)  and  F.  S.  (a  subject  who  did  worse  at 
the  end  in  the  training  series  itself). 

Consider  first  Tests  5  and  2,  in  which  the  only  difference 
was  in  the  content,  pitch  and  brightness  replacing  sound 
intensity.  The  median  improvement  in  the  percentage  of 
correct  responses  was  9  for  the  pitches  and  38  for  the  grays. 
For  the  subjects  who  were  tested  after  the  same  interval  of 
time,  but  without  the  advantage  of  the  training  series,  the 
median  gains  were  i  and  4.5. 

Tests  2  and  5  demanded  the  peculiar  ability  to  hold  a 
few  facts  in  mind  while  reporting  a  previous  set  and  also 
the  ability  to  get  them  in  such  a  manner  (as  by  thinking 
of  their  number  names)  that  they  can  be  so  held,  which  was 
the  secret  of  success  in  the  training  series  itself.  This  ele- 
ment carries  over  to  a  large  degree,  regardless  of  the  change 
from  intensities  of  sound  to  pitches  and  grays. 

Consider  now  Te.'^t  Series  3,  in  which  the  content  was 
intensities  of  sound  but  in  a  different  form  for  memorizing. 
The  median  improvement  in  the  percentage  of  correct  re- 
sponses was  24.5.  For  the  subjects  lacking  the  training  series, 
it  was   1 1.5. 
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In  Test  Series  8,  in  memory  of  the  extent  of  movement, 
the  trained  subjects  showed  a  median  loss  of  i.  and  the  un- 
trained a  median  loss  of  1.5.  In  the  case  of  memory  of  the 
extent  of  movement  there  is  then  no  evidence  of  appreciable 
effect  of  the  training  since  the  — i  and  — 1.5  are  on  a  base 
of  about  95 ;  since  neither  group  improved  at  all ;  and  since 
the  difference  between  the  — i  and  — 1.5  is  well  within  the 
possibilities  of  chance  variation. 

With  the  other  test-series  the  median  improvements  in 
the  percentages  of  correct  responses  were : 

I.  Poetry. —  Those  with  the  training,  10:  those  without  it,  i 

4.  Nine  grays. —    Those  with  the  training,   12:  those  without  it,  9.5 

6.  Nine  forms. —    Those  with  the  training,  10:  those  without  it,  6 

7.  Ninenumbers. — Those  with  the  training,  3.5:  those  without  it,  2 

The  results  for  the  last  group  may  be  examined  more 
closely.  Taking  Tests  i,  4,  6  and  7  together,  but  the  in- 
dividuals separately,  we  find  average  improvements  as 
measured  by  Dr.  Fracker,  as  follows:  7,  12,  9,  23.5,  12.5 
and  7.  For  those  who  lacked  the  training  series,  the  figures 
are  5,  9,  2  and  4.  Learning  to  hold  the  order  of  four  sound 
units  in  mind  in  spite  of  distraction  for  eight  seconds  thus 
seems  to  assist  one  measurably  to  hold  certain  units  while 
attending  to  other  units  which  make  up  the  series  of  nine 
grays  or  forms  or  numbers,  or  the  verse  of  poetry.  Allow- 
ing for  the  practice  in  the  test  series  themselves  on  the  basis 
of  the  results  for  the  subjects  who  had  these  alone,  and  using 
Fracker's  estimate  (not  quoted  here)  for  the  improvement 
in  the  training  series  itself,  we  may  say  roughly  that  the 
training  series  improved  the  memorizing  power  for  series  of 
nine  grays,  forms  or  nuinbers  and  for  poetry  about  one-fifth 
as  much  as  it  did  the  power  specially  trained. 

On  the  whole  it  seems  safe  to  say  that  a  gain  in  the 
peculiar  ability  to  grasp  the  order  of  four  unnamed  facts  by 
naming  them  or  otherwise,  and  to  hold  them  while  reporting 
a    similar   previous    set    and    grasping  another,    carries   over 


39^  THE    PSYCHOLOGY    OF    LEARNING 

/ 

from  sound  intensities  to  pitches  and  grays  to  half  of  its 
own  amount  and  improves  the  grasping  and  holding  of  a 
series  of  nine  grays,  forms  or  numbers  to  one-fifth  of  its 
own  amount — all  the  tests  being  subject  to  the  same  gen- 
eral conditions  of  a  laboratory  experiment. 

There  are,  however,  some  troublesome  facts  in  Dr. 
Fracker's  results  which  make  this  conclusion  not  so  sure  as 
one  would  wish.  The  first  is  that  subject  M.  L.,  who  had  only 
two  days  of  training  and  improved  in  the  training  series 
itself  only  about  one  third  as  much  as  the  six  subjects  with 
full  training,  showed  very  great  improvement  in  the  test 
series.  With  the  four  grays  and  four  pitches,  she  gained 
39  and  19,  with  the  nine  tones,  15,  and  with  the  nine  grays, 
geometrical  figures,  numbers  and  the  poetry,  made  an  average 
gain  of  15.  The  second  is  that  subject  F.  S.,  who  got  worse 
in  the  training  series,  made  great  gains  in  the  test  series 
most  closely  allied  to  it  (26  for  the  four  grays  and  22  for 
the  four  pitches).  In  the  other  tests  he  made  no  gain.  The 
third  is  that  one  subject,  G.  E.  F.,  on  continuing  the  training 
series  for  3600  more  trials,  made  excellent  progress  in  it, 
but  no  gain  on  the  average  in  the  test  series. 

These  facts  show  how  complicated  and  variable  the  facts 
of  practice  and  its  transfer  in  such  a  case  are.  If  M.  L. 
were  scored  in  the  unpracticed  group  and  G.  E.  F's  second 
experiment  were  scored  in  the  practiced  group  (which  would 
be  a  defensible  procedure),  the  estimate  of  transfer  would 
have  to  be  much  reduced. 

These  experiments,  differing  as  they  do  in  the  nature  of 
the  sorts  of  memorizing  trained  and  tested,  and  in  the  ap- 
parent amounts  of  spread  of  improvement  observed,  may  well 
leave  the  reader  with  only  a  somewhat  confused  and  per- 
plexed notion  of  the  influence  of  special  practice  in  memorizing 
upon  the  general  ability  to  memorize.  Such  insecurity  is, 
at  present,  a  healthful  attitude  toward  the  problem,  far 
superior  to  the  smug  bigotiy  which  expected  that  any  im- 
provement  made    for   any   sort   of   data   memorized    by   any 
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method  was  valid  for  all  sorts  of  data  and  all  methods; 
far  superior,  also,  to  the  easy  confidence  that  James'  experi- 
ments showed  that  general  retentiveness  was  unalterable. 
These  experiments  should  at  least  put  forever  out  of  court  the 
two  absurdities — that  improvement  is  in  an  absolutely  general 
'memory,'  and  that  improvement  is  absolutely  restricted  to 
exact  and  entire  duplicates  of  the  situations  met  in  the  special 
practice. 

We  may  next  consider  a  series  of  experiments  with  func- 
tions concerned  in  observing  and  judging  sensory  arid 
perceptual  data. 

Thorndike  and  Woodworth  ['oi]  made  a  great  variety  of 
experiments  upon  the  result  of  training  in  estimating  areas, 
lengths  and  weights  of  certain  shape  and  size  upon  the  ability 
to  estimate  areas,  lengths  and  weights,  similar  in  shape  but 
different  in  size,  different  in  shape  but  similar  in  size,  and  dif- 
ferent in  both  shape  and  size.  A  still  more  extensive  set  of  ex- 
periments measured  the  influence  of  training  in  various  forms 
of  observation  or  perception  upon  slightly  different  forms. 
Only  a  few  samples  of  their  measurements  will  be  given  here. 

Individuals  practiced  estimating  the  areas  of  rectangles 
from  lo  to  I  GO  sq.  cm.  in  size  until  a  very  marked  improve- 
ment was  attained.  The  improvement  in  accuracy  for  areas 
of  the  same  size  but  of  different  shape  due  to  this  training  was 
only  44  per  cent  as  great  as  that  for  areas  of  the  same  shape 
and  size.  For  areas  of  the  same  shape,  but  from  140-300 
sq.  cm.  in  size,  the  improvement  was  30  per  cent  as  great. 
For  areas  of  different  shape  and  from  140-400  sq,  cm,  in 
size,  the  improvement  was  52  per  cent  as  great, 

.Training  in  estimating  weights  of  from  40-120  grams 
resulted  in  only  39  per  cent  as  much  improvement  in  estima- 
ting weights  from  120  to  1,800  grams.  Training  in 
estimating  lines  from  .5  to  1.5  inches  long  (resulting  in  a 
reduction  of  error  to  25  per  cent,  of  the  initial  amount) 
resulted  in  no  improvement  in  the  estimation  of  lines  6-12 
inches  long. 
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Training  in  perceiving  words  containing  e  and  jr  gave 
a  certain  amount  of  improvement  in  speed  and  accuracy  in 
that  special  ability.  In  the  al:)ility  to  perceive  words  contain- 
ing t  and  /,  s  and  p,  c  and  a,  c  and  r,  a  and  n,  I  and  o,  mis- 
spelled words  and  A's,  there  was  an  improvement  in  speed  of 
only  39  per  cent  as  much  as  in  the  ability  specially  trained, 
and  in  accuracy  of  only  25  per  cent  as  much.  Training  in 
perceiving  English  verbs  gave  a  reduction  in  time  of  nearly 
21  per  cent,  and  in  omissions  of  70  per  cent.  The  abihty  to 
perceive  other  parts  of  speech  showed  a  reduction  in  time 
of  3  per  cent,  but  an  increase  in  omissions  of  over  100 
per  cent. 

A  considerable  part  of  the  improvement  in  the  test  scries 
was  undoubtedly  due  to  the  brief  special  practice  of  the  test 
series  themselves.  This  could  have  been  measured  by  having 
certain  individuals  take  the  test  series  without  the  intervening 
training. 

These  experiments  showed  very  clearly  the  influence  of : 
The  acquisition,  during  the  special  training.  ( i )  of  ideas  of 
method  and  habits  of  procedure  and  also  (2)  of  facility  with 
certain  elements  that  appeared  in  many  other  complexes.  In- 
stances of  (i)  are  learning,  in  the  loioo  sq.  cm.  training 
series,  that  one  has  a  tendency  to  overestimate  all  areas  and 
consciously  making  a  discount  for  this  tendency,  no  matter 
what  the  size  or  shape  of  the  surface  may  be;  learning  to 
look  especially  for  the  less  common  letter  {e.  g.,  s  in  the  case 
of  e-s  words,  p  in  the  case  of  s-p  words)  in  the  training 
series  and  adopting  the  habit  for  all  similar  work ;  learning 
to  estimate  areas  in  comparison  with  a  mental  standard  rather 
than  with  the  objective  i  sq.  cm.,  25  sq.  cm.,  and  100  sq.  cm. 
squares  which  each  experimenter  had  before  him  (after  one 
gets  mental  standards  of  the  areas  he  judges  more  accurately 
if  he  pays  no  attention  whatever  to  the  objective  standards). 
An  instance  of  (2)  is  the  increase  of  speed  in  all  the  perception 
tests  through  training  in  one,  an  increase  often  gained  at  the 
expense  of  accuracy. 
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In  the  opinion  of  the  authors  these  experiments  showed 
that: 

"Improvement  in  any  single  mental  function  need  not 
improve  the  ability  in  functions  commonly  called  by  the  same 
name.    It  may  injure  it. 

"Improvement  in  any  single  mental  function  rarely  brings 
about  equal  improvement  in  any  other  function,  no  matter  how 
similar,  for  the  working  of  every  mental  function-group  is 
conditioned  by  the  nature  of  the  data  in  each  particular  case. 

'"The  very  slight  amount  of  variation  in  the  nature  of  the 
data  necessary  to  affect  the  efficiency  of  a  function-group  makes 
it  fair  to  infer  that  no  change  in  the  data,  however  slight,  is 
without  effect  on  the  function.  The  loss  in  the  efficiency  of 
a  function  trained  with  certain  data,  as  we  pass  to  data  more 
and  more  unlike  the  first,  makes  it  fair  to  infer  that  there  is 
always  a  point  where  the  loss  is  complete,  a  point  beyond 
which  the  influence  of  the  training  has  not  extended.  The 
rapidity  of  this  loss,  that  is,  its  amount  in  the  case  of  data 
very  similar  to  the  data  on  which  the  function  was  trained, 
makes  it  fair  to  infer  that  this  point  is  nearer  than  has  been 
supposed. 

"The  general  consideration  of  the  cases  of  retention  or 
of  loss  of  practice  effect  seems  to  make  it  likely  that  spread 
of  practice  occurs  only  where  identical  elements  are  concerned 
in  the  influencing  and  influenced  functions."     ['ox,  p.  250] 

Both  the  results  and  the  theoretical  conclusions  stated  by 
Woodworth  and  Thorndike  in  their  three  papers  of  1901, 
aroused  opposition  at  the  time;  and  their  theoretical  conclu- 
sions would  still  be  disputed  by  many.  Coover  and  Angell 
report  results  which  seem  to  them  at  variance  with  those 
of  Woodworth  and  Thorndike,  but  which  really  testify  to 
about  as  little  spread  of  improvement. 

One  section  of  their  report  [Coover  and  Angell,  '07,  p. 
331  ff.]  concerns  the  results  of  tests  on  four  adults  in  dis- 
criminating shades  of  gray  made  before  and  after  seventeen 
series,  each  of  forty  judgments  of  discrimination  between 
intensities  of  sounds.  It  is  hard  to  make  out  of  their  report 
anything  more  than  the  fact  that  these  four  persons  judged 
the  grays  a  little  better  after  the  training  with  sounds,  whereas 
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three  other  individuals  tested  similarly  but  without  the  train- 
ing- with  sounds,  did  not.  These  authors  permitted  judgments 
of  'like'  as  well  as  of  'brighter'  and  'darker/  with  the  result 
that  their  figures  are  incapable  of  exact  interpretation.  The 
four  trained  subjects  out  of  420  judgments  before  training 
got  199  right  and  118  wrong,  and  out  of  420  judgments 
after  training  got  231  right  and  123  wrong.  103  and  66 
were  'like,'  i.  e.,  ambiguous,  in  the  two  cases.  Now  in  the 
special  training  with  intensities  of  sounds  the  first  two  series 
showed,  out  of  320  judgments,  97  right  and  160  wrong; 
while  the  last  two  series  showed  114  right  and  153  wrong. 
The  'like'  or  undecided  judgments  were  73  and  53.  The 
differences  are  slight  and  are  apparently  due  in  part  to  taking 
pains  to  get  a  judgment  of  difference  one  way  or  the  other. 

Coover  and  Angell  use  in  their  argument  the  fact  that 
three  subjects  who  took  the  tests  without  the  intervening 
training  all  did  worse  in  the  later  test.  But  the  only  use 
to  which  this  fact  should  be  put  is  to  prove  the  unreliability 
of  a  determination  of  discrimination  of  brightness  based  on 
seventy  comparisons  of  pairs  of  grays.  To  defend  general 
spread  of  special  practice  by  the  doctrine  that  men  possess 
a  tendency  to  grow  worse  and  worse  each  week  if  left  with- 
out it,  is  more  damaging  to  it  than  to  attack  it. 

Judd  ['02]  studied  the  results  of  practice  on  the  strength 
of  the  Miiller-Lyer  illusion.  His  experiments  were  of  too 
technical  a  nature  to  be  fully  described  here.  The  important 
results  for  our  purpose  were  that  an  improvement  in  the 
direction  of  attention  and  in  the  character  of  eye  movements 
caused  one  observer  to  improve  more  quickly  than  he  would 
otherwise  have  done  in  a  closely  similar  task,  but  caused  in 
another  observer  a  fixed  habit  which  absolutely  prevented 
him  from  improving  in  the  similar  task  at  all. 

Scholckow  and  Judd  ['08]  tested  in  the  case  of  boys  in 
grades  5  and  6  the  influence  of  training  in  understanding  the 
general  principle  of  refraction  upon  the  ability  to  learn  to 
hit  a  target  placed  under  water.     "One  group  of  boys  was 
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given  a  full  theoretical  explanation  of  refraction.  The  other 
group  of  boys  was  left  to  work  out  experience  without 
theoretical  training.  These  two  groups  began  practise  with 
the  target  under  twelve  inches  of  water.  It  is  a  very  striking 
fact  that  in  the  first  series  of  trials  the  boys  who  knew  the 
theory  of  refraction  and  those  who  did  not,  gave  about  the 
same  results.  That  is,  theory  seemed  to  be  of  no  value  in 
the  first  tests.  All  the  boys  had  to  learn  how  to  use  the  dart, 
and  theory  proved  to  be  no  substitute  for  practise.  At  this 
point  the  conditions  were  changed.  The  twelve  inches  of 
water  were  reduced  to  four.  The  dififerences  between  the 
two  groups  of  boys  now  came  out  very  strikingly.  The  boys 
without  theory  were  very  much  confused.  The  practise 
gained  with  twelve  inches  of  water  did  not  help  them  with 
four  inches.  Their  errors  were  large  and  persistent.  On 
the  other  hand,  the  boys  who  had  the  theory,  fitted  them- 
selves to  four  inches  very  rapidly."      [Judd,  '08,  p.  37] 

Kline  ['09]  tested  seventeen  individuals  for  90  minutes 
in  all  on  two  days,  in  marking  nouns,  verbs,  prepositions,  etc , 
on  pages  of  regular  English  prose.  He  then  had  nine  of 
these  practice  for  fourteen  days,  from  30  to  45  minutes  a  day, 
at  marking  ^'s  and  fs.  These  nine  made  gain  of  from  31 
to  168  per  cent  in  the  number  marked  per  minute.*  He  then 
retested  both  groups  as  b-efore,  and  found  that  the  practice 
group  was  worse  off  than  the  control  group.  Both  made 
gains  due  to  the  special  practice,  added  interest  and  the  like, 
but  the  control  group  gained  the  more.  Kline's  essential 
table  is  given  as  Table  42. 

I  should  judge  that  this  negative  effect  would  in  the  long 
run  be  slight  if  the  two  groups  worked  v\?ith  equal  interest  in 
the  'before  training'  and  'after  training'  tests.  However,  the 
habit  of  observing  the  letter-structure  of  words  may  do 
enough   harm   to   counterbalance   the  more   general    gain   in 

*  The   individual    gains   were :    from   33    to  83,    from   33   to   73,    from 
T,4  to  y7,  from  40  to  75,  from  44  to  68,  45  to  85,  47  to  77,  56  to  74,  and 
56  to  95- 
26 
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Table  42. 

THESPREAD  OF  IMPROVEMENT  IN'  MARKING  LETTERS:      After  Kline,  'OQ,  p.  la 
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zeal,  economical  control  of  eye-fixations,  and  the  like, 
is  Kline's  view.     He  writes: 


Such 


"The  meaning  of  the  relatively  inferior  work  of  the  prac- 
tice group  in  the  second  period  is  best  made  out  from  the 
rq)orts  of  the  members  of  the  group.  One  says :  ( i )  'In 
crossing  out  parts  of  speech  one  always  had  to  think  what 
part  of  speech  the  word  was.'  (2)  'The  crossing  out  of 
the  letters  Ijecame  a  habit  and  instead  of  crossing  out  words 
one  wanted  to  cross  out  e's  and  t's.  These  seemed  to  Ije  seen 
so  much  more  clearly  than  the  parts  of  speech.'  Another 
writes,  'The  practice  with  e's  and  t's  hindered  me  in  dealing 
with  the  parts  of  speech.  I  think  it  was  because  I  became 
accustomed  to  l(X)king  for  e's  and  t's  and  the  tendency  was 
to  cross  out  those  letters  rather  than  the  parts  of  speech.' 
A  third  says,  'There  was,  however,  a  tendency  to  cross  out 
words  containing  e's  and  t's  rather  than  the  required  part  of 
si)eech.'  My  own  experience  tallies  with  that  of  the  students. 
The  e's  and  t's  got  the  attention  even  in  irrelevant  words.  In 
the  right  word  these  letters,  if  present,  were  often  the  only 
part  crossed — this  was  contrary  to  our  rules  of  work,  a  word 
required  a  horizontal  stroke,  letters  an  oblique  stroke.  They 
at  times  appeared  larger  and  blacker  than  the  other  letters. 
This  illusion  persisted  for  six  months  afterwards.     In  deal- 
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ing  with  the  letters  our  attention  was  given  to  mere  form  and 
when  working  with  words  it  was  directed  to  their  use  or 
{miction  in  a  sentence.  The  letter-habit  interfered  with  the 
word-marking  process  and  thereby  incapacitated  it  for  that 
manner  of  work.  These  results  find  confirmation  in  our  com- 
mon life.  'One  who  has  learned  to  concentrate  altogether  on 
the  meaning  of  the  printed  page  finds  it  extremely  difficult, 
if  not  impossible,  to  read  proof  accurately.  And  conversely 
a  first-class  proof-reader  is  likely  to  be  a  slow  reader.'  "     ['09, 

p.  5  f-]. 

Whipple  ['10  a]  studied  (in  adult  students)  the  improve- 
ment in  speed  and  accuracy  of  visual  perception  by  exposing 
various  material  to  view  for  a  limited  time,  and  found  it  due 
to  "habituation  to  the  experimental  conditions,"  "development 
of  the  'trick'  of  grouping,"  and  other  special  "assimilative 
devices." 

Foster,  ['11]  working  also  with  adult  students,  each  of 
whom  spent  forty  hours  distributed  over  ten  weeks,  measured 
and  analyzed  the  improvement  in  drawing  objects,  pictures 
and  nonsense  drawings  shown  for  from  ten  to  sixty  seconds. 
Of  the  possible  spread  of  the  improvement  to  the  ability  to 
observe  and  reproduce  in  general,  he  says,  "That  training  in 
these  experiments  has  made  the  observers  noticeably  better 
observers  or  memorizers  in  general,  or  given  them  any  habits 
of  observing  closely  or  reporting  correctly,  or  furnished  any 
ability  to  meet  better  any  situations  generally  met  with,  neither 
we  nor  the  observers  themselves  believe.  ...  It  seems, 
therefore,  as  if  the  value  of  formal  training  of  our  kind  had 
been  greatly  overestimated."     ['11,  p.  21] 

The  spread  of  improvement  amongst  sensori-motor  as- 
sociative habits  of  various  sorts  has  been  studied  by  Gilbert 
and  Fracker  ['97],  Bair  ['02].  Leuba  and  Hyde  ['05].  and 
Coover  and  Angell    ['07]. 

In  Gilbert  and  Fracker's  experiments  two  individuals 
were  tested  for  quickness  in  moving  the  finger  ( i )  when  they 
heard  a  certain  sound,  (2)  when  they  felt  an  electric  shock, 
(3)  when  they  felt  a  certain  blow,  and  (4)  when  they  saw 
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a  blue  surface.  In  all  these  cases  they  were  warned  two 
seconds  before  the  stimulus  and  no  other  stimuli  could  be 
confused  with  it.  They  were  also  tested  for  their  quickness 
in  moving-  the  finger  at  these  same  stimuli  when  either  the 
given  sound  or  one  less  loud,  either  the  given  shock  or  one 
less  intense,  either  the  given  blow  or  one  less  hard,  either 
the  blue  or  a  red  might  appear.  They  were  then  trained  for 
a  number  of  days  in  quickness  in  reacting  to  the  sound,  (A) 
when  only  it  was  given,  and  (B)  when  either  it  or  the 
weaker  sound  might  be  given.  They  were  then  tested  as 
before.  The  results  showed  improvement  in  all  cases  save 
one  with  one  observer.  One  observer  was  trained  only  in 
(A).  He  improved  markedly  in  the  corresponding  tests, 
but  not  so  much  as  the  others  in  the  second  set  of  tests.  The 
small  number  of  cases  and  the  low  correlation  between  aa 
individual's  improvement  in  the  special  act  trained  and  in  his 
gain  in  the  other  acts  tested  make  the  argument  from  the 
amount  of  this  gain  insecure.  It  was,  however,  large,  as 
will  be  seen  from  Table  43.  It  is  obvious  that  the  functiorw 
trained  and  the  functions  tested  contained  many  identical  de- 
ments, the  operations  being  absolutely  identical  with  the  eji- 
ception  of  the  kind  of  a  signal  used. 

Table  43. 

THE    SPREAD    OF    IMI'ROVEMENT    IN    REACTING    TO    SIGNALS.       After    Gilbert 

and  Fracker,  '97,  p.  70. 

The   Percentages  of  Time   Gained  by   Practice. 
Individual  Simple  Reaction  Reaction  with  Discrtminatiaa 


«  ftj^  CO  o  5  u    o  ^  • 

o  o"oo  %  Ji    o  O  3-^ 

H  ir>  i-<         h'  i«w«mm2 

J-  A.  C.  12  —2     17  3  53  35  9  M 

G.  F.  C.  23  21  10  45  47  60  38  34 

J.  C.  P.  13  16  6  II  14         24  4  19 

J.  C.  P.  was  practiced  only  in  reaction  time,  while  the  other  tw» 
were  practiced  in  both  reaction  and  reaction  with  discrimination  awi 
choice.  All  figures  of  the  above  table  rq)resent  per  cent  of  gain  b^ 
practice. 
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Bair  [02]  made  several  experiments  on  the  influence  of 
practice  in  forming-  certain  associative  habits  upon  the  ability 
in  certain  different  habits.     I  summarize  his  statements  here. 

Six  keys  of  a  typewriter  are  labeled  with  six  symbols 
(letters  or  figures).  Fifty-five  of  these  letters  or  figures 
(in  chance  order)  are  now  shown  one  by  one  and  the  subject 
on  seeing  one  taps  the  corresponding  key.  The  time  taken 
to  tap  out  the  series  is  recorded.  Six  different  symbols  are 
then  used  with  a  new  series  composed  of  them  and  the  sub- 
ject's time  record  is  taken  as  before.  This  is  kept  up  until 
twenty  different  sets  of  symbols  have  been  used.  Although 
the  symbols  have  been  changed  each  time,  there  is  a  steady 
improvement,  the  changes  being  for  four  subjects  62  to  52, 
95  to  85,  71.5  to  58,  and  65  to  56.  The  gain  in  time  was  about 
three-sevenths  of  what  would  have  been  gained  by  twenty 
practices  of  the  same  series.  The  major  part  of  this  gain 
could  not,  Bair  thinks,  have  been  due  to  merely  getting  used 
to  the  machine  or  the  general  features  of  the  experiments, 
for  the  fourth  subject  was  already  used  to  these  and  still 
gained  about  nine-tenths  as  much  as  the  other  three. 

The  other  experiment  "consisted  in  taking  daily  records, 
for  twenty  days,  by  m.eans  of  a  stop  watch,  of  the  time  re- 
quired to  repeat  the  alphabet  from  memoi^y.  Each  day's 
experiment  was  as  follows :  First,  the  alphabet  was  repeated 
as  rapidly  as  possible  forward ;  secondly,  the  letter  n  was 
intercepted  between  each  of  the  letters;  thirdly,  the  alphabet 
was  repeated  as  rapidly  as  possible  backward ;  and  lastly,  the 
alphabet  was  repeated  backward,  intercepting  n  between  each 
of  the  letters.  At  the  end  of  twenty  practices  in  each  order 
the  subject  repeated  the  alphabet,  first,  forward,  intercepting, 
instead  of  n,  the  letter  x  and  repeating  three  times ;  secondly, 
intercepting  r  and  repeating  three  times;  then  lastly,  repeat- 
ing backward,  and  in  like  manner  intercepting  x  and  r  and 
repeating  three  times."     ['02,  p.  28] 

How  far  now  did  the  training  with  the  training  series 
(ABC,   AnBnCn,   ZYX,   ZnVnXn)    help  the  ability   in  the 
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tested  series  {AxBxCx,  ArBrCr  and  ZxYxXx)  ?  There  was 
improvement  in  the  tested  series,  the  effect  of  the  twenty 
days'  training  with  the  training  series  being  to  put  the  abiHties 
in  the  tested  series  as  far  ahead  as  three  days  of  the  direct 
training  would  have  done. 

Johnson  ['02]  reports  some  experiments  which  may  be 
interpreted  as  showing  transference  of  skill  with  dumb-bells 
to  reacting  to  sounds.  I  interpret  the  results,  as  the  author 
seems  at  least  in  part  to  do,  as  measures  of  the  effect  of  in- 
terest and  effort  in  shortening  reaction  time. 

Leuba  and  Hyde  ['05]  found  that  their  subjects  who  had 
learned  to  write  English  words  in  German  script  at  a  rate 
of  13 19  letters  per  20  minutes,  when  asked  to  write  in  English 
script  words  presented  in  German  script,  could  only  write 
them  at  a  rate  of  1147  letters  per  20  minutes. 

They  found  that  their  subjects  who  had  learned  to  write 
in  English  script  words  printed  in  German  script  at  a  rate 
of  2070  words  in  20  minutes,  when  asked  to  write  English 
words  in  German  script,  could  attain  only  a  rate  of  470  words 
in  the  first  20  minutes,  though,  if  they  had  not  ever  seen 
a  word  in  German  script,  they  could  have  reached  nearly 
this  rate  in  the  second  twenty  minutes  of  forty  minutes  of 
direct   practice. 

Coover  and  Angell  ['07,  p.  336  ff.]  tested  four  adult 
subjects  in  typewriting  before  and  after  training  in  sorting 
cards  (15  exercises,  involving  the  sorting  in  all  of  4200, 
3800,  5200  and  4000  cards,  spread  over  forty  days).  In 
the  typewriting,  2900,  2900,  2700  and  3100  reactions  were 
made  on  five  or  six  days  before  the  training  with  cards; 
and  1800,  1800,  1800  and  1700  on  three  days  thereafter. 
The  average  results  for  the  last  three  days  before  and  the 
first  three  days  after  the  training  in  sorting  cards  were  71.3 
seconds  required  with  3.9  errors  and  64.2  seconds  with  5.8 
errors,  there  being  a  gain  in  speed  but  a  loss  in  accuracy. 
But  the  improvement  from  the  first  three  days  before  training 
to  the  second  three  before  training  is  greater  than  the  im- 
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provement  from  the  three  before,  to  the  three  after,  training. 
(The  former  gain  being  from  81.9  seconds  with  2.7  errors 
to  71.3  seconds  with  3.9  errors.)  Nothing  whatever  is 
needed  to  account  for  the  improvement  in  typewriting  save 
the  special  practice  in  it. 

Three  other  subjects  were  tested  before  and  after  the  forty 
<iays,  but  without  intervening  practice  in  sorting  cards.  Since 
Coover  and  Angell  do  not  state  how  long  the  tests  were,  we 
cannot  properly  compare  the  improvement  in  them  with  that 
of  the  four  subjects  of  the  training  series.  In  any  case,  how- 
ever, they  show  no  inferiority  to  the  four  subjects  such  as 
would  require  a  spread  of  training  in  the  case  of  the  latter. 
The  data  in  detail  are  given  in  Table  44. 


Table  44. 
The  Effect  of  Training  in   Sorting  Cards  upon  Improvement  in 
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Oddly  enough,  these  experiments  by  Coover  and  Angell 
have  been  commonly  quoted  as  evidence  of  a  large  transfer  of 
improvement.  Their  authors  endeavor  to  extract  evidence  of 
such  transfer  from  them  and  boldly  declare  that  "training  the 
activity  of  Reaction  with  Discrimination  and  Choice  by  sort- 
ing cards  into  compartments  has  increased  the  facility  of  a 
like  activity  in  both  speed  and  regularity  in  typewriter  action." 
The  facts  which  they  give  prove  exactly  the  absence  of  such 
an  increase. 

Ruger  ['lo]  has  observed  not  only  the  results  but  also  the 
method  of  'transfer'  within  the  field  of  the  solution  of 
mechanical  and  geometrical  puzzles,  especially  those  involving 
transformations  in  three  dimensions.  It  would  be  impossible 
for  the  reader  to  understand  his  evidence  without  an  elaborate 
description  of  the  puzzles  such  as  is  out  of  place  here,  and  to 
understand  it  fully  without  actually  observing  the  solutions 
of  the  puzzles  in  question.  So  I  simply  quote  a  part  of  his 
statement  of  conclusions.     He  writes: 

"The  following  classification  of  transfer  factors  is  based 
directly  on  the  puzzle  experiments.  Some  of  the  special  factors 
are  naturally  specifically  related  to  the  puzzle  series  while  the 
general  factors  seem  to  be  of  wide  applicability.  The  con- 
ditions of  transfer  of  the  special  factors  are  believed  to  be 
general  although  the  material  itself  may  have  been  specific. 

A.     General  Factors 

"(a)  The  Ideal  of  Efficiency. — This  involves  the  active 
search  for  methods  of  control,  and  would  properly  embrace 
all  the  succeeding  factors. 

"{h)  Lez'el  of  Attention. — High  level  attention  was  a  pre- 
condition of  success.  Transfer  of  this  factor  seemed  to  be 
both  direct,  a  result  of  change  of  attitude,  and  indirect,  a 
result  of  the  idea  of  its  value  and  conscious  attempt  to  realize 
it,  as  by  effort  of  will,  control  of  physical  condition,  search 
lor  stimulus. 

"(c)  Attitudes. — The  change  from  the  self-conscious  to 
the  problem-attitude  occurred  sometimes  automatically,  and 
sometimes  deliberately  by  means  of  an  ideal.  The  most 
oowerful  stimulus  to  change  of  attitude  and  so  of  its  transfer 
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was  personal  success.  It  did  not  matter  much  whether  it  was 
accidental  or  planned. 

"(d)  Methods  of  Attack. — (i)  Conscious  control  of  as- 
sumptions. The  value  of  explicit  consciousness  of  the 
assumptions  made  concerning  a  problem  and  of  openness  of 
mind  and  active  search  for  other  assumptions  than  the  chance 
first  one  was  recognized  and  generalized  as  a  point  of  method 
common  to  the  different  situations  encountered. 

"(2)  The  dilemma  seemed  to  prove  itself  of  considerable 
value  as  a  stimulus  to  discovery  of  novel  points  of  view  both 
as  to  the  nature  of  the  problem  and  as  to  minor  features.  The 
dilemma  was  consciously  generalized  as  a  method  of  attack. 

"(3)  Active  search  for  distinctions  and  for  their  appro- 
priate classification  took  place  independently  of  the  use  of  the 
dilemma,  and  constituted  a  highly  general  form  of  method. 

"(4)  The  search  for  new  points  of  view  at  times  took  the 
form  of  random  manipulation,  now  in  the  hope  of  gaining 
success  by  an  accidental  variation,  and,  again,  in  anticipation 
of  a  happy  suggestion  from  some  chance  position.  These 
methods  of  attack  were  consciously  generalized  and  applied. 

"(5)  The  careful  testing  of  hypotheses  as  opposed  to  mere 
repetition  was  a  consciously  adopted  general  point  of  method. 

"(6)  The  ideal  of  the  value  of  generalization,  and  of  state- 
ment in  a  formula,  was  noted  as  a  case  of  conscious  transfer. 

B.     Special  Factors 

"(a)  Related  Ideas. —  (i)  Geometrical  concepts  played  an 
almost  negligible  part  in  the  work  of  solution.  This  was 
especially  true  of  tridimensional  puzzles.  What  was  needed 
was  ability  to  construct  transformations  in  three  dimensions 
and  the  static  training  of  geometry  seemed  at  times  even  to 
interfere  with  the  dynamic  problem.  The  concept  of  sym- 
metry was  of  some  value,  but  in  the  main  the  transfer  value 
of  mathematics  in  so  far  as  it  appeared  seemed  to  be  largely 
in  the  form  of  general  methods,  as  that  of  considering  the 
problem  solved  and  working  the  solution  in  reverse  order. 
The  failure  of  mathematical  training  to  develop  the  capacity 
or  capacities  for  dynamic  construction  was  rather  striking. 

"(2)  Ideas  of  common  objects  in  connection  with  which 
movement  was  a  familiar  feature,  as  rubber  bands,  were  em- 
ployed with  some  success. 

"(3)  The  greatest  transfer  in  the  way  of  related  ideas  was 
that  from  similar  puzzles.    Transfer  of  this  sort  also  gave  the 
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most  immediate  solutions.  The  mere  presence  of  a  vivid 
image  of  a  closely  related  puzzle  was  not  sufficient,  however, 
of  itself.  A  distinct  act  of  analysis  was  necessary  in  addition. 
The  analysis  was  at  times  apparently  due  to  previous  ex- 
perience and  yet  took  place  as  an  immediately  perceptual  act 
without  the  revival  of  distinct  imagery. 

"(b)  Motor  Habits. —  (i)  The  mere  presence,  in  the  case 
of  change  of  conditions,  of  motor  habits  appropriate  to  the  new 
conditions  did  not  necessitate  positive  transfer.  It  could  co- 
exist with  negative  transfer. 

"(2)  The  degree  of  positive  transfer  varied  directly  with 
the  precision  of  analysis  of  the  similarity  of  the  new  case  to 
the  old.  The  similarity  suggestion  needed,  as  was  the  case 
with  memory  suggestions,  to  be  treated  as  an  hypothesis  to  be 
held  tentatively  and  tested  rather  than  to  be  accepted  at  once 
at  face  value  and  then  persisted  in  unquestioningly. 

"(3)  In  some  cases  a  generalized  formula  developed  in 
connection  with  the  first  case  was  essential  to  effective  transfer 
of  motor  habits  to  later  modifications  of  the  first  case. 

"(4)  Transfer  was  more  effective  in  those  cases  where 
the  formula  or  general  rule  was  developed  in  the  first  few  trials, 
and  where  the  formation  of  perceptual-motor  habits  had  been 
controlled  and  interpenetrated  by  it  from  the  start,  than  when 
the  generalization  had  been  arrived  at  after  those  habits  had 
been  set  up."     ['10,  p.  86  ff.] 

The  following  illustrative  cases  are  given : 

"a.  Specific  Motor  Habits. —  (i)  A  given  subject  was 
tested  with  a  puzzle  thrown  in  chance  positions.  He  was  then 
trained  to  approximately  the  physiological  limit  in  handling 
four  special  but  important  positions.  He  developed  no  general 
rule  to  include  his  treatment  of  these  special  positions.  He 
was  then  retested  with  the  puzzle  in  chance  positions.  Another 
subject  was  trained  entirely  with  chance  positions,  in  a  series 
approximately  half  the  length  of  the  first  subject's  series. 
The  second  tests  of  the  first  subject  showed  no  improvement 
over  the  initial  results  and  were  inferior  to  those  of  the  second 
subject.  This  failure  to  profit  by  the  highly  specialized  train- 
ing seems  to  have  been  due  to  the  lack  of  a  generalized  rule 
of  procedure.  As  it  was,  each  chance  position  was  first 
reduced  to  one  of  the  four  special  positions  and  then  the 
solution  was  proceeded  with  instead  of  being  performed 
directly. 
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"(2)  A  certain  puzzle  was  so  arranged  that  it  could  be 
presented  in  various  forms.  The  manipulations  for  these 
various  forms  could  all  be  comprised  under  a  single  formula. 
This  general  formula  could  be  deduced  from  any  one  of  these 
special  forms.  A  number  of  subjects  were  tried  with  this 
puzzle.  As  soon  as  skill  was  acquired  in  dealing  with  one 
form  of  the  puzzle  it  was  changed  to  another  form.  The  sub- 
jects who  developed  the  general  formula  during  the  solution 
of  the  first  form  were  able  to  use  the  specialized  habits  built 
up  in  the  first  form  in  the  second.  Those  who  formed  merely 
the  special  habits  without  developing  the  principle  attempted 
to  carry  over  the  habits  without  modification  and  were  greatly 
embarrassed  by  the  change. 

"(3)  A  subject  was  tested  with  a  puzzle  in  a  given  form. 
Then  all  the  motor  habits  necessary  for  the  rapid  solution  of 
this  form  were  built  up  by  practise  on  the  separate  acts  of 
manipulation  involved.  The  elements  were  organically  related 
in  the  successive  forms  of  the  practise  series,  so  that  the 
practise  was  not  on  the  separate  elements  merely  but  on  their 
connections.  At  the  close  of  the  practise  series  the  subject 
was  given  the  complete  form,  which  was  identical  with  that 
of  the  initial  test.  This  form  was  not  recognized  as  being 
related  to  the  practise  series,  and  the  habits  built  up  there  were 
not  brought  into  use."     ['lo,  p.  i8  f.] 

Experiments,  though  rather  slight  ones,  on  the  spread  of 
improvement  in  the  case  of  just  such  functions  as  are 
specifically  trained  in  schools  have  been  made  by  Squire,  re- 
ported by  Bagley  ['05],  Ruediger  ['08],  and  Winch  ['10]. 

Dr.  Squire  measured  the  neatness  of  certain  classes  of 
pupils  in  their  school  work  as  a  whole,  before  and  after  special 
school  training  in  neatness  in  arithmetical  work.  Bagley  says 
of  the  results : 

"At  the  Montana  State  Normal  College  careful  experi- 
ments were  undertaken  to  determine  whether  the  habit  of 
producing  neat  papers  in  arithmetic  will  function  with  refer- 
ence to  neat  written  work  in  other  studies ;  the  tests  were 
confined  to  the  intermediate  grades.  The  results  are  almost 
startling  in  their  failure  to  show  the  slightest  improvement  in 
language  and  spelling  papers,  although  the  improvement  in 
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the   arithmetic   papers   was    noticeable   from   the    very   first." 
[Bag-ley,  '05,  p.  242] 

Ruediger  ['08]  reports  that  emphasis  on  neatness  in  ac- 
cordance with  the  instructions  printed  below  did  improve 
the  written  work  of  seventh-grade  pupils  in  other  school 
subjects  than  the  one  specifically  chosen  for  emphasis.  The 
instructions  were : 

"Problem :  Does  the  ideal  of  neatness,  brought  out  in 
connection  nnth,  and  applied  in,  one  school  subject  function  in 
other  subjects? 

"i.  In  the  written  work  of  one  school  subject  pay  all  the 
attention  you  can  both  to  the  habit  and  the  ideal  of  neatness. 
Demand  neat  papers,  having  them  rewritten  when  necessary. 

"2.  Talk  frequently  zvith  the  class  (not  to)  on  the  im- 
portance of  neatness  in  dress,  business,  the  home,  hospitals, 
etc.,  connecting  it  as  far  as  you  can  with  the  subject  under 
experiment.     Guard  against  overdoses. 

"3,  Do  not  bring  up  the  subject  of  neatness  in  connection 
with  the  other  studies  of  the  school.  If  the  pupils  bring  up 
these  studies,  quietly  substitute  something  else.  Talk  of  neat- 
ness only  in  that  class,  not  to  the  school  in  general.   .  .  . 

[The  remaining  instructions  need  not  be  quoted.] 

"9.  Carry  on  the  experiment  for  eight  weeks."  ['08,  p. 
366  f.] 

Winch  ['10]  made  a  brief  but  somewhat  intricate  study 
of  the  effect  of  special  practice  in  'rule'  examples*  upon  the 
correct  selection  of  processes  (so-called  'arithmetical  reason- 
ing')  in  the  case  of  such  problems  as: 

A  certain  grocer  gains  -^^  d.  on  every  4  ounces  of  coffee 

which  he  sells ;  what  would  be  the  gain  by  the  sale  of 

ij4  cwts.  ? 

A  woman   earns   three  times   as  much   as   a  boy   and   a 

man  twice  as  much  as  a  woman.     If  the  daily  wages  of  a 

man,  a  woman  and  a  boy  amount  to  19  s.  2d.  what  are 

the  daily  earnings  of  each? 

An  entire  class  was  tested  carefully  with  several  sets  of 

*Such  as :  ii398  7s.  o^^cl.  -^  39  =  ?,  ^  of  a  ton  -f  %  o^  a  quarter  =  ?, 
and  (.007  4-  5.01  —  1.05)  X  -068  =   ?. 
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problems  of  the  second  sort,  then  divided  into  two  groups 
of  nearly  the  same  ability.  One  group  was  drilled  for  several 
days  upon  examples  of  the  first  sort,  the  other  spending  the 
time  upon  drawing,  history,  or  some  other  study.  Then 
both  groups  were  re-tested.  Four  classes  were  used.  Let 
us  call  these  I,  II,  III  and  IV,  and  call  the  half  in  each  class 
which  lacked  special  training  in  the  'rule'  examples  A  and 
the  half  which  had  such  training  B. 

Several  questions  may  be  asked,  the  chief  being:  i.  Did 
the  B  groups  gain  more  in  arithmetical  reasoning  than  the 
A  groups?  2.  If  so,  hovv^  did  their  gain  therein  compare 
with  their  gain  in  accuracy  in  the  'rule'  sums?  3.  Did  those 
who  gained  most  in  the  latter  also  gain  most  in  the  former? 

The  facts  relevant  to  the  first  question  are  complicated 
by  the  difference  in  difficulty  of  the  'before  training'  and 
'after  training'  tests,  which  requires  the  statements  to  be  all 
relative.  They  may  be,  that  is,  of  less  loss  rather  than  more 
gain.  According  to  the  system  of  scoring  used  by  Winch, 
the  A  groups  changed  in  average  achievement  from  20.6 
to  10.2,  22.5  to  22.7,  14.3  to  15.7  and  21.8  to  23.6  or  in 
per  cents  to  49.5,  10 1,  no  and  108.5  P^^  cent  of  their  first 
scores  respectively.  'The  B  groups,  who  had  the  special 
training,  changed  from  20.6  to  9.1,  22.5  to  24.2,  14.5  to 
17.9,  and  22.0  to  25.5,  or  in  per  cents  to  44,  107.5,  123.5  ^^^^ 
116  per  cent  of  their  first  scores  respectively.  The  four  B 
groups  taken  as  a  whole  got  scores  after  training  98  per  cent 
(97.75)  of  those  before  training,  while  the  A  groups  have 
scores  92  per  cent   (92.25)   of  their  earlier  ones. 

Mr.  Winch  wisely  classifies  the  individuals  by  initial 
ability  in  arithmetical  reasoning  as  well  as  by  the  four 
school  classes.  So  I  have  computed  the  changes  separately 
for  six  groups  in  order  of  their  initial  ability  in  arithmetical 
reasoning.  They  are,  when  reduced  for  clearness  to  three 
groups,  as  follows :  In  the  case  of  the  A  groups,  the  most 
gifted  division  changed  (in  average  score)  from  34.8  to  28.6 
(82.2%)  ;  the  mediocre  division,  from  15.6  to  14.6  (93.6%)  ; 
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the  least  gifted  division,  from  8.7  to  9.1  (105%).  For  the 
B  groups,  which  had  the  special  training,  the  corresponding 
figures  are:  most  gifted,  from  31.7  to  30.0  (94.6%); 
mediocre,  from  15.7  to  15.35  (97-8'/^; )  ;  least  gifted  from  8.42 
to  9.32  (111%).  The  groups  specially  trained  in  'rule' 
examples  gain  more  than  the  A  groups,  whether  the  good, 
the  mediocre,  or  the  bad  arithmeticians  are  taken.  The  gifted 
j)upils  gain  in  'reasoning'  from  the  training  in  'accuracy' 
apparently  much  more  than   the  others   do. 

Full  data  on  the  second  question  (of  the  comparative 
improvement  in  the  ability  trained  and  in  that  tested)  are 
not  available,  because  in  Class  I,  failures  to  attempt  certain 
'rule'  examples  at  all  complicate  the  results,  while  in  Class 
II,  no  measurements  were  made  of  the  accuracy  of  the  'rule' 
examples.  In  Classes  III  and  IV  the  improvements  in  the 
training  series  by  Mr.  Winch's  scoring  were  21%  and  20% 
from  the  first  to  the  last  third  (Class  III),  and  to  the  last 
fifth  (Class  IV).  The  improvement  from  the  very  beginning 
to  the  very  end  of  the  practice  was  presumably  more.  If  it 
is  assumed  that  the  A  groups  would  change  by  0%,  since  they 
had  no  training,  we  may  say,  following  ordinary  usage,  that 
the  B  groups  in  Classes  III  and  IV,  gained  in  'reasoning' 
20  to  the  A  groups'  10;  and  in  'accuracy'  20  or  more  to 
their  o. 

The  third  question  put  (Did  those  who  improved  most 
in  'accuracy'  improve  most  in  'reasoning'?)  is  important  be- 
cause it  serves  as  a  partial  means  of  distinguishing  the  effect 
of  the  improvement  in  the  specially  trained  function  from  the 
v^aguely  stimulating  factors  of  any  series  of  tests  with  children. 
If  the  improvements  in  the  ability  trained  are  the  causes  of 
the  increases  in  the  tested  ability,  there  should  be  a  close 
correlation  between  the  two. 

It  is  not  possible  from  the  data  given  by  Mr.  Winch  to 
measure  the  correlation  adequately,  since  the  individual 
records  are  lacking,  but  certain  facts  about  groups  are  in- 
structive.    These  are  that  within   Class   III :     A   group   of 


THE    INFLUENCE    OF    IMPROVEMENT  415 

three  improving  on  the  average  38%  in  the  training  series, 
got  in  'reasoning'  scores  0%  better  in  the  'after  training' 
than  in  the  'before  training'  tests.  A  group  of  five  improving 
33%  in  the  training  series  got  in  'reasoning'  scores  on  the 
average  13%  better  in  the  'after  training'  than  in  the  'before 
training'  series.  A  group  of  five  improving  3%  in  the  train- 
ing series  got  in  'reasoning'  scores  on  the  average  21% 
better  in  the  'after  training'  than  in  the  'before  training' 
series. 

Similar  figures  for  groups  in  Class  IV  are: 
A  group  of  4  with  2^%  in  training  and     3%  in  test  series 
"       "       "    3      "     26%   "  "  "       9%    "      " 

"       "       "    5      "      16%   "  "  "     27%    "      " 

"       "       "    4      "       7%    "  "  "     15%    "      " 

So  far  as  the  facts  go,  then,  the  pupils  improving  most 
in  the  training  series  showed  less  gain  in  the  test  series  than 
those  who  improved  least  in  the  training  series.  This,  with 
other  facts,  justifies  Mr.  Winch's  caution  that  'much  more 
of  this  work  needs  to  be  done.' 

That  very  great  improvement  in  one  special  ability  may 
bring  nowhere  nearly  equal  improvement,  even  in  abilities 
commonly  regarded  as  much  like  it,  is  illustrated  by  the  few 
measurements  that  have  been  made  of  experts.  Thus  Jastrow 
['96]  found  that  Hermann  and  Kellar,  experts  at  sleight-of- 
hand,  could  be  detected  in  their  tricks  if  required  to  perform 
them  in  slightly  different  ways,  and  that  in  the  speed  of  re- 
actions with  discriminations  and  choice,  and  in  laboratory 
tests  of  tactual  and  muscular  reaction,  they  were  rather  below 
the  average  of  college  students.  In  tests  of  visual  perception 
they  made  only  fair  records.  Similarly  Raif  ['00]  reports 
that  expert  pianists  cannot  tap  (as  with  a  telegraph  key) 
more  rapidly  than  ordinary  persons  of  the  same  degree  of 
general  ability. 

The   experiments    on   the   amount    and    rate   of   improve- 
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ment  with  practice  of  Chapter  VII  also  bear  upon  the  problem 
of  the  spread  of  practice,  at  least  in  its  ordinary  educational 
aspects.  They  show  negatively  that  the  practice  in  the  tasks 
of  schools  and  life  which  an  earnest  graduate  student  has 
had  leave  him  still  far  below  his  possibil'des — so  far  below 
that  a  very  small  amount  of  time  devoted  to  any  special 
function  iriiproves  it  greatly. 

Consider,  for  example,  the  case  of  tlie  seven  hours  practice 
in  mental  multiplication  with  three-place  numbers,  taken  by 
twenty-eight  graduate  students  or  seniors  in  a  professional 
course  for  teachers,  described  on  pagje  146  f.  These  mature  and 
competent  minds  improved  in  the  course  of  so  short  a  train- 
ing so  much  as  to  be  able  to  do  an  equal  task  in  two-fifths 
of  the  time  first  taken.  It  is  clear  first  that  the  training  which 
this  group  had  had  for  twenty-odd  years  in  remembering 
facts,  resisting  distractions  and  carrying  in  mind  a  complex 
series  of  relationships  had  left  this  special  function  of  mentally 
multiplying  a  three-place  number  by  a  three-place  number  in 
a  very  easily  improvable  condition.  Such  could  not  have 
been  the  case  if  the  components  of  that  previous  training  had 
exerted  e^ch  even  a  very  moderate  general  influence.  It  is 
clear  also  that  this  reduction  of  over  fifty  per  cent  in  time 
required  must  have  been  restricted  closely  to  the  special  func- 
tion involved.  The  most  ardent  advocate  of  the  general  in- 
fluence of  specific  practice  would  not,  I  judge,  claim  that 
seven  or  eight  hours'  drill  in  any  one  thing  could  improve 
an  already  well-educated  adult  50  per  cent  or  5  per  cent  or 
even  i  per  cent  in  the  sense  of  reducing  by  that  much  the 
time  required  in  the  average  of  all  his  intellectual  processes. 

These  experimental  facts  as  a  v/hole,  like  those  concerning 
memorizing,  leave  a  rather  confused  impression  on  one's  mind, 
and  resist  organization  into  any  simple  statement  of  how  far 
the  improvement  wrought  by  special  practice  spreads  beyond 
the  function  primarily  exercised.  They  do,  however,  at  least 
put  out  of  court  the  old  doctrine  of  a  very  wide  spread  of  a 
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very  large  percentage  of  the  special  improvement.  Possibly 
nobody  ever  really  believed  that  the  improvement  made  in 
reasoning  about  Latin  syntax  would  spread  equally,  or  almost 
equally,  to  all  or  nearly  all  varieties  of  reasoning;  but  men 
wrote  as  if  they  believed  substantially  this.  Certainly  no- 
body can  now  believe  it  in  the  face  of  these  experiments. 

These  experiments  also  show,  even  by  their  indefinite  and 
confused  results,  the  complexity  of  tlie  facilitating  and  inter- 
fering relations  amongst  man's  hierarchies  of  habits.  We 
see  the  possibility  of  a  disciplinary  effect  where  superficial 
observation  would  have  expected  none,  the  difiiculty  of  trans- 
fer in  a  case  where  speculative  and  verbal  thinking  would 
have  assumed  that  it  was  easy,  and,  in  general,  the  ignorance 
that  we  suffer  from  concerning  the  internal  constituents  of 
almost  every  act  of  learning. 

Moreover,  confused  as  they  are,  these  experimental  facts 
give,  I  think,  the  best  preparation  one  can  noy  have  to  judge 
wisely  concerning  the  probable  disciplinary  effect  of  any  given 
training  on  any  given  person;  but  they  are  in  a  sense  trivial 
in  comparison  with  the  very  great  variety  of  facts  which  must 
be  measured  in  order  to  describe  justly  the  spread  of  im- 
provement in  the  work  of  schools,  trades  and  the  like. 

Many  more  measurements  of  the  influence  of  improvement 
in  certain  abilities  upon  the  status  of  others  must  be  made 
before  psychology  will  be  able  to  predict  in  general  the  dis- 
ciplinary effect  of  any  special  forms  of  practice  such  as  the 
'studies'  of  schools  or  the  industries  and  games  of  modern 
life.  At  present  only  rather  vague  protections  against  unwise 
expectations  can  be  given.  The  general  theory  of  identical 
elements — that  one  ability  is  improved  by  the  exercise  of 
another  only  when  the  neurones  whose  action  the  former 
represents  are  actually  altered  in  the  course  of  the  exercise 
of  the  latter — is  sound,  and  is  useful  in  guiding  thought. 
However,  so  little  is  known  about  which  neurones  are  con- 
cerned in  any  ability  that  this  general  theory  does  not  carry 
us  far. 
27 
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THE    GENERAL    RATIONALE    OF     MENTAL    DISCIPLINE 

To  our  survey  of  experimental  facts  I  may  add  some 
comments  which  seem  likely  to  be  of  service  to  those  who 
have  to  apply  psychology''  in  the  interpretation  of  educational 
facts  and  the  administration  of  schools. 

There  are  three  facts  of  behavior  knowledge  of  which 
will  in  a  vagiie  way  protect  one  from  expecting  too  much, 
and  from  not  expecting  enough,  general  influence  from  special 
training.  First,  learning  is  essentially  the  modification  of 
connections  between  actual  situations  and  the  responses  of  the 
individual  to  them.  Any  assumption  of  giin  in  concentration, 
will-power,  imaginativeness,  appreciation,  conscience,  reason- 
ing, or  the  like  which  cannot  be  described  as  a  set  of  changes 
in  the  bonds  between  specified  situations  and  definable  re- 
sponses, is  extremely  risky,  and  probably  depends  upon 
the  magic  efficacy  of  mythical  powers.  Second,  although 
every  change  must  be  in  a  specified  bond,  and  though,  as  a  rule, 
these  bonds  are  between  concrete,  particular  responses, 
some  of  these  particularized  bonds  are  of  very  widespread 
value.  Third,  there  are  bonds  involving  situations  and  ele- 
ments of  situations  which  are,  in  the  ordinary  sense  of  the 
word,  general. 

The  first  of  these  cautions  has  been  reiterated  so  often 
in  these  volumes  that  no  more  need  be  said  of  it  save  that 
nine-tenths  of  the  mischief  done  in  education  by  the  older 
doctrines  of  mental  discipline  was  due  to  the  failure  to 
describe  behavior  in  terms  of  its  actual  elements. 

The  second  fact  accounts  for  a  large  fraction  of  the 
influence  which  training  in  one  exercise,  study  or  occupation 
has  upon  the  efficiency  of  others.  Useful  connections  with 
two,  three,  four,  red,  white,  green,  long,  short,  square-yard, 
square-foot,  in  this  or  that  particular  context,  are  of  more  or 
less  general  usefulness,  since  they  may  serve  as  well  when 
the  two,  red,  square,  and  the  like  are  met  in  very  different 
contexts.     The  ability  to  draw  a  straight  four-inch  line,  to 
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pronounce  the  vernacular,  or  to  'carry'  in  addition,  in  what- 
ever particular  circumstances  gained,  may  be  widely  used. 
Of  special  importance  are  the  connections  of  neglect.  Such 
bonds  as  'Stimuli  to  hunger  save  at  meal  times — neglect  them;' 
'Sounds  of  boys  at  play  save  at  playtime' — 'neglect  them;' 
'Ideas  of  lying  down  and  closing  one's  eyes  save  at  bed  time, — 
neglect  them,'  and  the  like  are  the  main  elements  of  real  fact 
meant  by  'power  of  attention,'  or  'concentration'  or  'strength 
of  will.'  In  so  far  as  a  certain  situation  is  bound  to  the 
response  of  neglect,  it  is  prevented  from  distracting  one  in 
general.  Of  special  importance  also  are  those  particular  bonds 
which  represent  notions,  maxims,  methods,  ideals,  responses 
to  abstract  clues,  and  the  like.  Form  the  connections — 'A^ 
disagreeable  thing  that  needs  to  be  done — /  must  do  it;' 
'The  thought  'I  must  do  X' — enduring  the  discomfort  till 
X  is  done;'  'The  essentiul  thing  in  scientific  zvork — verifi- 
cation;' 'Anything  that  happens — has  a  discoverable  cause,' 
and  the  like  and  they  may  turn  up  again  and  again  to  impel 
and  restrain  one  to  whom  they  are  living  creeds.  Of  special 
importance  too,  as  just  hinted,  are  the  connections  where  satis- 
faction and  discomfort  are  the  responses.  To  be  satisfied 
only  when  a  fact  to  be  described  has  been  measured  objec- 
tively is  an  identical  element  in  very  many  lines  of  scientific 
work.  To  be  annoyed  by  vagueness,  untested  opinions,  futility 
and  failure  is  a  prime  aid  toward  clearness,  thought  and 
achievement. 

A  particular  bond  may  be  with  even  a  very  abstract  or 
subtle  element  of  situations.  In  so  far  as  many  situations 
of  things  or  thoughts  have  some  common  element  or  feature 
which  classes  them  as  beautiful,  ugly,  true,  false,  desirable, 
undesirable,  important,  trivial,  and  the  like,  and  in  so  far 
as  appropriate  connections  are  made  between  the  element  in 
question  and  some  response  such  as  attention,  neglect,  enjoy- 
ment, discomfort,  special  training  with  these  elements  in 
one  field  may  spread  to  many  fields.  How  far  beauty,  de- 
sirability, triviality,  and  the  like  can  thus  acquire  responses 
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to  them  regardless  of  their  concomitants  in  the  way  thai 
a  mile,  redness  or  sixness  do,  is  a  question.  They  surely 
do  so  less  often  and  less  fully.  The  amount  of  training  re- 
quired to  make  a  man  respond  by  esteem  to  'truth,  wherez'er 
and  however  present,'  would  be  far  greater  than  that  whicl* 
would  suffice  to  teach  him  to  respond  in  some  one  way  to 
'six  pounds,  wherever  present.'  Even  the  latter  achievement 
is  ver}'^  rare.  Ordinary  training  would  not  fit  one  to  respond 
properly  to  the  'sixpoundness'  of  a  certain  volume  of  air 
here,  or  of  a  large  block  of  lead  on  the  moon.  And  perhaps 
no  man  could  be  secured  against  such  mis-response  to  trutk 
of  some  sort,  until  he  had  been  specially  trained  to  respond 
to  hundreds  of  sorts.  Still,  the  possil)ility  remains  of  more  or 
less  general  utility  from  particular  responses  to  very  abstract 
and  subtle  features  of  things  and  thoughts. 

The  third  caution — that  there  are  bonds  involving  situ- 
ations and  elements  of  situations  which  are,  in  the  ordinary 
sense  of  the  word,  general — rests  ultimately  upon  the  second- 
Ultimately  evei-y  connection  is  between  some  one  state  of 
affairs  and  some  one  response.  But  such  elements  of 
situations  afe  'being  alive  and  awake,'  'being  aware  that  one 
has  a  problem,'  'feeling  that  one  has  done,  or  has  not  done, 
one's  best,'  and  the  like,  are  general  in  the  sense  of  occurring 
again  and  again  in  connection  with  almost  anything  else. 
And  to  them  responses  do  get  bound.  To  take  the  extreme 
case,  each  man  has  tendencies  to  respond  to  'merely  being 
alive  and  awake'  which  cooperate  v^ith  all  his  more  specific 
tendencies. 

The  notion  that  over  and  above  the  habits  and  powers 
which  he  displays  in  his  life  as  wage-earner,  citizen,  friend, 
and  member  of  a  family,  a  man  has  certain  tendencies  to 
respond  to  anything — certain  diffuse  fear  or  courage,  integrity 
or  shiftiness,  and  seriousness  or  flippancy,  for  instance, — is 
commonly  much  overworked,  but  has  always  a  core  of  truth. 
His  past  life  provides  every  man  with  a  set  of  attitudes  or 
mental  'sets'  in  response  to  the  mere  fact  that  a  statement  is 
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made  regardless  of  what  the  statement  is,  to  the  mere  asking 
©f  any  question,  to  the  mere  presence  of  a  conflict  of  interests, 
regardless  of  what  or  whose  the  interests  are,  to  the  mere  fact 
of  being  ahve,  awake  and  well,  with  no  immediate  engage- 
ment. Special  training  can  increase  for  any  man  the  chance 
that  his  attitude  will  be  to  think  over  the  statement,  to  seek 
to  settle  the  question,  to  be  satisfied  by  justice  in  the  case 
of  the  conflict,  to  look  about  for  something  interesting  to 
4o  in  the  leisure  time. 

These  general  tendencies  may  be  outweighed  by  stronger 
bonds  formed  with  other  features  of  a  situation.  The 
generally  thoughtful  man  may  greedily  believe  a  statement 
about  his  son  that  tickles  his  paternal  pride;  the  generally 
scientific  man  may  regard  it  as  profane  to  try  to  decide  em- 
pirically the  question  of  the  relative  merits  of  the  Buddhist, 
Hebrew  and  Christian  religions;  the  generally  just  man  may 
prefer  a  conventional  to  an  equitable  solution  of  a  conflict 
between  the  sexes.  They  may  be  outweighed ;  but  they  exist 
and  cast  their  weight  in  turn  to  decide  the  balance  against 
•ertain  thoughts  and  acts. 

As  a  result  of  all  these  cautions  the  advisable  course 
in  estimating  beforehand  the  disciplinary  effect  of  any  study, 
occupation  or  the  like  would  seem  to  be  to  list  as  accurately 
as  possible  the  particular  situation-response  connections 
made  therein,  noting  especially  what  the  study  makes  one 
neglect,  be  annoyed  by,  and  be  satisfied  by;  what  connections 
k  forms  that  carry  vital  maxims,  notions  of  method,  ideals 
of  accuracy,  persistence,  verification,  openmindedness  and  the 
like;  and  what  responses  it  favors  toward  the  commonest  ele- 
ments of  intellectual  and  moral  life  such  as  'a  statement'  or 
'a  question.'  Prophecy  beforehand  should  in  all  cases  be 
replaced  as  fast  as  may  be  by  measurements  of  the  actual 
dhanges  made  by  the  'study'  in  question. 

Finally,  it  must  be  remembered  that  a  very  small  spread 
•f  training  may  be  of  very  great  educational  value  if  it 
CKtends  over  a  wide  enough  field.     If  a  hundred  hours  of 
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training  in  being  scientific  about  chemistry  produced  only 
one  hundredth  as  much  improvement  in  being  scientific  about 
all  sorts  of  facts,  it  would  yet  be  a  very  remunerative  edu- 
cational force.  If  a  gain  of  fifty  percent  in  justice  toward 
classmates  in  school  affairs  increased  the  general  equitable- 
ness  of  a  boy's  behavior  only  one-tenth  of  one  percent,  this 
disciplinary  effect  would  still  perhaps  be  worth  more  than 
the  specific  habits. 

MENTAL    DISCIPLINE    IN    SCHOOLS 

An  inventor^'  of  school  work  from  the  point  of  view  of 
the  general  value  of  each  special  element  in  it  belongs  in  a 
volume  on  the  special  psychology  of  the  school  subjects.  It 
may,  however,  be  noted  here  that  the  results  of  such  an  in- 
ventory would  probably  be  very  different  from  any  of  the 
leading  traditional  doctrines  of  the  disciplinary  value  of 
studies.  These  are :  ( i )  that  what  is  hard  and  distasteful 
to  a  pupil  has  discipHnary  value  for  him;  (2)  that  any 
subject  has  as  much  disciplinary  value  as  any  other,  both 
being  equally  well  taught;  and  (3)  that  wliat  is  otherwise 
indefensible  has  disciplinary  value! 

The  notion  that  doing  what  is  irksome  and  distasteful 
in  school  gives  one  power  and  willingness  to  work  for  truth 
and  justice  in  the  world  is  a  sample  of  the  naive  verbal  think- 
ing that  still  too  often  pervades  education.  In  the  first 
place,  the  habit  formed  is  often  that  of  not  doing  it.  Latin 
in  American  high  schools,  for  example,  may  well  drive  two 
pupils  away  for  every  one  that  it  attracts  to  scholarly  habits. 
In  the  second  place,  the  habit  formed  is  sometimes  that  of 
doing  the  disagreeable  with  blind  confidence — a  superstitious 
puritanism  which  expects  that  out  of  aimless  subjection  of 
oneself  to  the  disagreeable,  good  will  come  by  magic.  It 
will  not.  In  the  third  place,  the  habit  is  formed  of  doing 
the  disagreeable  to  avoid  a  greater  misery,  such  as  repeating 
the  misery  another  year,  or  failing  to  graduate.     Here  the 
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value  obtains  that  comes  from  any  subjection  of  present  im- 
pulse to  a  remote  end,  but  the  value  could  be  far  greater  if 
the  remote  end  were  not  so  cheap  a  one,  and  the  subjection 
of  present  impulses  were  the  means  of  creating  some  worthy 
permanent  interest.  The  discipline  of  caring  for  younger 
children  in  the  family  to  get  the  satisfaction  of  seeing  one's 
mother  rested  and  happy  is  incomparably  better  than  that  of 
studying  geometry  so  as  to  graduate,  because  the  end  is 
nobler  and  because  a  healthy-minded  boy  or  girl  will  gain  a 
knowledge  of,  and  sympathy  with,  children  that  will  be  of 
permanent  value.  In  fact,  the  most  satisfactory  thing  about, 
the  struggle  with  the  distasteful  difficulties  of  the  geometry 
is  that  it  is  often  made  for  the  parents'  sake.  To  study  the 
distasteful  that  is  known  to  be  useful  is  of  much  greater  dis- 
ciplinary value  than  to  study  the  merely  distasteful.  The 
habit  of  value  is  to  suffer  that  good  may  come,  not  to  suffer 
wastefully.  It  is  in  sacrificing  for  a  greater  good,  not  in 
mere  sacrificing,  that  the  mind  gains.  To  suffer  simply  so 
as  to  stand  suffering  would  be  as  foolish  as  to  learn  false- 
hoods so  as  to  be  able  to  unlearn  them. 

The  doctrine  that  all  subjects  are  alike  in  disciplinary  value 
is  tenable  only  so  long  as  discipline  is  restricted  to  what  I 
have  called  'ideas  and  ideals  of  method  and  procedure.'  In 
the  actual  spread  of  training,  which  is  so  largely  by  the 
identities  in  the  concrete  details  of  the  stuff  of  experience, 
a  study  like  arithmetic  is  vastly  superior  to  one  like  book- 
keeping. German  is,  for  us,  vastly  superior  to  Choctaw;  and 
psychology  is  vastly  superior  to  genealogy.  Since  much  of 
the  general  value  of  a  special  training  is  from  the  content 
rather  than  the  form,  and  since  the  two  cannot  be  separated 
in  actual  learning,  the  content  of  a  study  is  of  prime  impor- 
tance in  determining  its  disciplinary  value. 

It  may  seem  merely  humorous  to  record  the  doctrine  that 
a  study  lacking  other  claims  has  disciplinary  value,  as  a 
serious  doctrine.  As  a  matter  of  fact,  however,  the  magical 
effects  of  studies   on   'the  mind'  are  rarelv   invoked  save  in 


424  THE    PSYCHOtXJGY    OF    LEARNING 

extremis.  Latin  was  first  a  trade-school  subject  for  clerks, 
lawyers  and  men  of  learning;  then  a  culture  subject  for 
peoples  whose  vernacular  literature  was,  more  or  less  wisely, 
despised ;  only  a  few  generations  ago  did  it  begin  to  'discipline 
the  intellect  and  will.*  Alcuin  taught  Latin  for  the  reasons 
which  lead  us  to  teach  reading;  Erasmus  taught  it  for  the 
reasons  which  lead  us  to  teach  English  literature.  The  prob- 
lems about  '^  of  a  stone  wall  in  ^  of  a  day'  and  'a.  boy 
and  a  man  digging  a  well*  have  been  successively  utilities, 
games  and  perfectors  of  reasoning.  They  assumed  the  last 
function  only  after  they  had  become  useless  in  village 
economy,  and  after  more  popular  games  had  become  avail- 
able. Man  has  a  veritable  passion  for  keeping  up  habits 
merely  because  he  has  them ;  there  are  men  who  would  rather 
beat  a  sick  child  than  write  'thru.'  In  education  man  often 
excuses  himself  in  these  futile  conservatisms  by  the  hope  that 
such  cherished  antique  fads  have  magic  potencies  on  the  mind 
as  a  whole. 

In  contrast  to  such  doctrines,  an  impartial  inventory  of 
the  facts  in  the  ordinary  pupil  of  ten  to  eighteen  would  find 
the  general  training  from  English  composition  greater  than 
that  from  formal  logic,  the  training  from  physics  and 
chemistry  greater  than  that  from  geometry,  and  the  training 
from  a  year's  study  of  the  laws  and  institutions  of  the  Romans 
greater  than  that  from  equal  study  of  their  language.  The 
grammatical  studies  which  have  been  considered  the  chief 
depositories  of  disciplinary  magic  would  be  found  in  general 
inferior  to  scientific  treatments  of  human  nature  as  a  whole. 
The  superiority  for  discipline  of  pure  over  applied  science 
would  be  referred  in  large  measure  to  the  fact  that  pure 
science  could  be  so  widely  applied.  The  disciplinary  value 
of  geometry  would  appear  to  be  due,  not  to  the  simplicity  of 
its  conditions,  but  to  the  rigor  of  its  proofs;  the  greatest 
disciplinary  value  of  Latin  would  appear  in  the  case,  not  of 
those  who  disliked  it  and  found  it  hard,  but  of  those  to  whom 
it  was  a  charming  game. 


THE    INFLUENCE    OF    IMPROVEMENT  42$ 

PRESENT  OPINION    CONCERNING   MENTAL   DISCIPLINE 

I  have  tried  to  give  a  just  statement  of  facts  and  proba- 
bilities concerning  the  influence  of  improvement  in  one  mental 
function  upon  the  eflficiency  of  other  functions.  It  may, 
however,  be  that  general  prepossessions  incline  me  to  a  too 
radical  view.  As  a  protection  to  the  reader  against  such  a 
possibility,  I  close  this  chapter  by  a  series  of  quotations  rang- 
ing from  the  most  conservative  defenses  of  a  very  wide 
spread  of  improvement  that  any  reputable  psychologist  would 
now  make,  to  even  narrower  restrictions  of  improvement  than 
the  account  given  in  this  chapter  would  suggest.  The  student 
will  find  further  quotations  suitable  to  the  same  purpose  in 
Heck's  Mental  Discipline  and  Educational  Values,  from 
which  many  of  those  used  here  were  selected.  It  will  be 
obvious  from  these  quotations  that,  as  was  stated  at  the  be- 
ginning of  the  chapter,  the  psychologist's  expectations  of 
general  mental  discipline  have  shrunk  to  decidedly  modest 
dimensions.  I  begin  with  the  cases  of  greatest  hope  for 
transfer. 

"The  child  tries  and  tries  again  to  grasp  and  to  fixate 
and  to  whistle,  to  read  and  to  write,  to  jump  and  to  throw 
a  ball,  and  at  a  later  age  to  perform  complex  activities  such 
as  typewriting  and  bicycling.  The  development  is  specific; 
the  formal  training  of  the  will  is  general.  The  will  which 
has  learned  to  resist  distractions  can  hold  its  own  in  any 
field.  To  be  sure,  to  learn  whistling  with  accuracy  does  not 
help  to  ride  the  bicycle  or  to  run  the  typewriter.  Yet  this 
specific  character  of  the  training  must  not  be  exaggerated. 
It  is,  after  all,  not  only  the  one  specific  kind  of  movement 
which  is  trained,  but  the  whole  group  of  movements  which 
involve  similar  activities.  In  training  for  baseball  we  do 
not  train  for  football  and  still  less  for  piano-playing.  But 
by  training  for  baseball,  we  secure  general  alertness  in  our 
motor  responses."     [Miinsterberg,  '09,  p.   192] 

"Training  of  mental  activity  must  be  acknowledged  as 
a  function  of  the  school  certainly  equivalent  to  the  mere  ac- 
quisition of  knowledge  and   the  development  of  inspiration. 


4^6  THE    PSYCHOLOGY    OF    LEARNING 

Moreover,  our  psychological  study  showed  clearly  to  us  that 
every  mental  function  can  really  be  developed.  Apperception 
and  observation,  memory  and  imagination,  attention  and 
interest,  imitation  and  reasoning,  feeling  and  emotion,  effort 
and  will,  in  fact,  every  function  can  be  rapidly  strengthened 
through  systematic  training  and  can  degenerate  through 
neglect."     [Munsterberg,'o9,  p.  264] 

"There  is  still  another  class  of  what  .  .  .  can  be  .  .  . 
called  formal  elements.  These  are  the  general  forms,  not 
of  our  apprehension  of  the  world,  but  of  our  conduct  toward 
its  situations.  We  know  them  commonly  as  the  fundamentally 
desirable  moral  qualities,  the  components  of  good  character. 
We  can  easily  see  that  included  among  them  are  sympathy, 
kindliness,  fearlessness,  truthfulness,  justice,  courage.  .  .  . 
They  are  desirable  forms  of  our  attitude  toward  the  world, 
our  reactions  upon  it."     [Delaterre,  '09,  p.  593] 

"Training  in  any  exercise  that  requires  skill  undoubtedly 
increases  more  general  habits  of  accurate  perception  and 
methods  of  eliminating  useless  movements  that  are  transfer- 
able to  other  movements  with  other  parts  of  the  body.  So, 
too,  with  memory,  in  the  usual  logical  learning  the  factors 
involved  are  in  large  measure  common  to  memories  of  re- 
lated subjects.  You  cannot  be  sure  that  any  fact  is  abso- 
lutely unrelated  to  any  other,  and  so  far  as  they  are  related, 
learning  the  one  makes  easiep'learning  the  other.  In  both 
rote  and  logical  learning  there  are  definite  habits  and  capa- 
cities of  attending  to  be  acquired,  and  these  may  apparently 
be  acquired  in  one  field  and  used  in  another.  We  have  to  do 
in  memory,  then,  with  a  large  number  of  fairly  distinct 
physiological  capacities,  but  their  use  has  become  so  depen- 
dent upon  haljits  common  to  the  different  capacities  that  they 
are  functionally  parts  of  a  common  whole.  Training  one  part 
thus  trains  related  parts,  and  the  whole  in  some  degree. 
There  is  at  present  no  means  of  saying  how  much  training 
one  memory  receives  through  training  another,  nor  is  it  pos- 
sible to  say  very  exhaustively  what  memories  are  more  closely, 
what  more  remotely  related.  Suffice  it  to  say  that  memory 
for  any  range  of  facts  will  be  trained  more  completely  by 
practise  in  that  field  rather  than  in  some  other.  .  .  .  Never- 
theless the  man  with  well-rounded  training  is  probably  on 
the  average'  better  trained  for  learning  in  any  field  than  the 
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untrained  man  or  even  than  tlie  man  with  a  narrow  education 
in  any  other  field."      [Pillsbury,   '08,  p.   26  f.] 

"We  may  conclude,  then,  that  there  is  something  which 
may  be  called  formal  discipline,  and  that  it  may  be  more  or 
less  general  in  character.  It  consists  in  the  establishment  of 
habitual  reactions  that  correspond  to  the  form  of  situations. 
These  reactions  foster  adjustments,  attitudes,  and  ideas  that 
favor  the  successful  dealing  with  the  emergencies  that  rouse 
thein.  On  the  other  hand,  both  the  form  that  we  can  learn  to 
deal  with  more  effectively,  and  the  reactions  that  we  associate 
with  it,  are  definite.  There  is  no  general  training  of  the 
powers  or  faculties,  so  far  as  we  can  determine."  [Hender- 
son, '10,  p.  307  f.] 

"It  is  agreed  that  wherever  practice  in  one  exercise  leads 
to  improvement  in  another,  certain  specific  elements  in  both 
are  identical  and  call  forth  identical  responses  which  promote 
'juccess  in  both  exercises.  The  identical  elements  that  are  thus 
distinguished  may  be  divided  into  two  groups,  those  of 
content  and  those  of  form.  As  examples  of  content  elements 
we  may  mention  sounds,  colors,  letters,  nonsense  syllables, 
words,  objects,  kinds  of  geometrical  figures,  standards  of 
measurement,  ideas,  etc.  As  one  growls  familiar  with  such 
elements,  the  powder  to  remember  them  and  to  attend  to  them 
when  they  appear  in  new  situations  and  to  do  what  they  sug- 
gest increases.  The  elements  of  form  may  be  said  to  consist 
of  the  characteristics  that  the  various  situations  present  as 
problems  for  the  attacking  mind.  Thus  w^e  recognize  one 
situation  as  a  problem  of  memorizing  where  from  the  nature 
of  the  material  a  particular  method  of  committing  to  memory 
may  be  especially  useful.  Again,  we  recognize  the  need  of 
particular  adjustments  of  perception,  such  as  movements  which 
we  have  already  practiced.  All  situations  demand  adjust- 
ments of  attention,  some  of  which  may  invariably  be  necessary, 
while  others  may  suit  especially  specific  kinds  of  material. 

"We  observe  that  elements  of  form  and  elements  of  con- 
tent are  equally  specific,  equally  capable  of  definition.  More- 
over, both  are  capable  of  generalization — that  is,  both  are 
capable  of  appearing  in  a  variety  of  settings.  The  problem 
of  general  training  is,  then,  quite  as  much  one  of  discipline  in 
content  as  it  is  one  of  discipline  in  form.  A  better  division 
of  mental  discipline  for  our  purpo.'-es  would  be  into  two  phases 
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which  we  may  denominate  specific  discipline  and  gfeneral  dis- 
cipline. Specific  discipline  consists  in  the  analysis  of  the 
specific  elements  which  are  to  be  found  to  be  critical  in  deter- 
mining certain  reactions,  and  in  the  practice  by  which  the 
appropriate  reaction  is  made  the  habitual  response  to  each 
element  thus  discriminated.  General  discipline  consists  of 
training  in  the  recognition  of  these  critical  elements  in  a 
variety  of  situations."     [Henderson,  '09,  p.  609  f.] 

"By  a  discipline  of  body  we  mean  that  through  exercise 
of  function  and  experience  of  a  given  sort  a  tendency  or 
potentiality  for  action  in  that  direction  is  produced.  .  .  . 
Correspondingly  the  mind  when  habituated  to  given  ways  of 
functioning  is  trained  or  disciplined  in  those  directions.  .  .  . 
Inasmuch  as  any  physical  work,  no  matter  how  complex, 
is  made  up  of  simple  elements,  it  also  follows  that  these  ele- 
ments can  be  woven  into  manifold  new  combinations.  When- 
ever a  new  activity  involves  an  element  already  learned  that 
part  of  the  process  does  not  need  to  be  again  mastered. 
However,  it  must  be  recognized  that  not  only  the  element, 
but  also  its  connections  have  to  be  considered.  .  .  .  Similarly 
with  mental  operations.  Almost  any  study  involves  elements 
that  have  been  mastered  in  other  connections.  These  ele- 
ments are  immediately  serviceable.  .  .  .  But  it  must  not  be 
forgotten  that  the  combination  of  old,  and  even  perfectly 
familiar,  elements  is  a  difficult  matter  in  itself.  Old  com- 
binations may  even  be  a  hindrance,  especially  if  too  fixed. 
Bad  habits  of  walking,  talking,  writing,  singing,  or  think- 
ing are  harder  to  modify  than  new  ones  are  to  inculcate. 
.  .  .  Most  subjects  of  instruction  have  a  great  many  similar 
elements.  As  far  as  they  have  similar  elements  they  are 
valuable  for  each  other.  The  greater  the  number  of  identical 
elements  in  the  two,  the  greater  the  value. 

"Next  in  value  to  the  elements  of  old  knowledge  which 
are  utilized  in  learning  new  things  there  are  certain  ideals 
and  attitudes  toward  work.  There  are  no  general  faculties 
of  attention,  memory  and  reason,  which  attend,  memorize  and 
reason  a.bout  one  thing  as  well  as  another  by  simply  'con- 
necting them  up.'  But  there  are  habits  of  attending  to  things, 
of  trying  to  memorize,  trying  to  reason;  in  short,  habits  of 
striving  for  excellence,  which  are  no  mean  possession.  In 
fact,  oftentimes  the   ideals   of  excellence  and   of  application 
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to  duty  are  among-  the  most  valuable  assets  which  the  school- 
boy acquires."      [Bolton,   'lo,  p.   757  ff.,  passim] 

"In  any  event  it  is  desirable  that  the  teacher  should  rid  him- 
self of  the  notion  that  'thinking'  is  a  simple  unalterable 
faculty;  that  he  should  recognize  that  it  is  a  term  denoting 
the  various  ways  in  which  things  acquire  significance.  It 
is  desirable  to  expel  also  the  kindred  notion  that  some  sub- 
jects are  inherently  'intellectual/  and  hence  possessed  of  an 
almost  magical  power  to  train  the  faculty  of  thought.  Think- 
ing is  specific  in  that  different  things  suggest  their  own 
appropriate  meanings,  tell  their  own  unique  stories,  and  in 
that  they  do  this  in  very  different  ways  with  different  persons. 
As  the  growth  of  the  body  is  through  the  assimilation  of 
food,  so  the  growth  of  mind  is  through  the  local  organization 
of  subject-matter.  Thinking  is  not  like  a  sausage  machine 
which  reduces  all  materials  indifferently  to  one  marketable 
commodity,  but  it  is  a  power  of  following  up  and  linking 
together  the  specific  suggestions  that  specific  things  arouse." 
[Dewey,  '10,  p.  38  f.] 

"Three  points  will  show  the  possibilities  of  benefit  from 
special  training  beyond  the  specific  line  of  reaction  subjected 
to  practice,  i.  The  habit  pathways  may  altogether  or  in  part 
be  common  to  two  or  to  many  operations  perhaps  externally 
very  different  ...  2.  The  method  of  procedure  in  a  special 
habit  may  evidently  be  applicable  to  a  much  larger  field  .  .  . 
3.  Mental  attitudes  or  ideals  tend  by  chance  variation  and  by 
suggestion  to  extend  their  sphere  of  action."  [Rovve,  '09, 
pp.  243-246,  passim] 

"Knowledge  and  training  are  not  merely  specific  in  their 
application,  but  they  also  have  a  general  value.  Their  value 
arises  through  the  factor  of  identical  elements,  of  which  there 
are  at  least  three  types  [aim,  method  and  content],  and  it 
declines  rapidly  as  the  similarity  of  the  material  of  instruction 
of  training  decreases."     [Ruediger,  '10,  p.   116] 

"Now  no  small  part  of  the  discipline  which  comes  from 
the  effortful  use  of  attention  in  any  direction  or  on  any  topic 
is  to  be  found  in  the  habituation  which  is  afforded  in 
neglecting  or  otherwise  suppressing  unpleasant  or  distracting 
sensations.  We  learn  to  'stand  it'  in  short.  .  .  .  The  actual 
mental  mechanism  by  which  this  intellectual  and  moral  ac- 
climatization is  secured,  is  extremely  interesting  but  we  can- 
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not  pause  to  discuss  it.  Certain  it  is  that  something  of  the 
sort  occurs  and  that  it  is  an  acquirement  which  may  pre- 
sumably be  carried  over  from  one  type  of  occupation  to 
another.  If  each  form  of  effortful  attention  had  a  wholly 
unique  type  of  discomfort  attached  to  it.  this  inference  might 
be  challenged.  But  such  does  not  seem  to  be  the  case." 
[Angell,  '08,  p.  9  f.] 

"Transfer  of  training  is  then  possible  in  the  ways  indi- 
cated :  ( I )  Where  a  single  element  to  which  a  specific  response 
is  made  functions  under  various  environmental  conditions 
because  it  is  a  common  element  in  these  various,  and  other- 
wise to  a  greater  or  less  degree,  dissimilar  environments; 
(2)  When  a  dominant  mood  or  emotion  so  colors  various 
environments  that  a  characteristic  response  is  -obtained  with- 
out identity  of  any  one  objective  condition;  (3)  Where  a 
single  response  in  reality  involves  other  and  more  general 
adjustments;  (4)  It  is  also  possible,  as  Bagley  suggests, 
through  making  the  end  of  the  activity  a  clearly  conscious 
ideal.  In  this  case  the  transfer  takes  place  by  a  direct  carry- 
ing over  by  consciousness  not  of  the  activity  itself,  but  of 
the  purpose  of  the  activity,  to  another  field."  [Colvin,  '09, 
edition  of  '10,  p.  30  f.] 

"My  business  is  not  to  give  a  general  mental  training  by 
means  of  my  subject,  for  that  is  not  possible,  but  to  give  a 
specific  mental  training  sucli  as  my  subject  affords.  .  .  . 
Especially,  I  must  rely,  not  so  much  upon  the  generalized 
mental  habits  my  subject  is  mistakenly  supposed  to  form  by 
its  discipline  as  upon  the  conscious  ideals  of  thought  and 
conduct  I  am  able  to  instill  appropriately  in  relating  my 
subject  to  life."      [Home,   '09,   p.   621] 

"One  mental  function  or  activity  improves  others  in  so 
far  as  and  because  they  are  in  part  identical  with  it.  because 
it  contains  elements  common  to  them.  Addition  improves 
multiplication  because  multiplication  is  largely  addition ; 
knowledge  of  Latin  gives  increased  ability  to  learn  French 
because  many  of  the  facts  learned  in  the  one  case  are  needed 
in  the  other.  The  study  of  geometry  may  lead  a  pupil  to 
be  more  logical  in  all  respects,  for  one  element  of  being  logical 
in  all  respects  is  to  realize  that  facts  can  be  absolutely  proven 
and  to  admire  and  desire  this  certain  and  unquestionable  sort 
of  demonstration.  .  .  . 
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"These  identical  elements  may  be  in  the  stuff,  the  data 
concerned  in  the  training,  or  in  tiie  attitude,  the  method  taken 
with  it.  The  former  kind  may  be  called  identities  of  sub- 
stance and  tlie  latter,  identities  of  procedure. 

"Identity  of  Substance. — Tims  special  training  in  the 
ability  to  han(!le  numbers  gives  an  ability  useful  in  many  acts 
of  life  outside  of  school  classes  because  of  identity  of  sub- 
stance, because  of  the  fact  that  the  stuff  of  the  world  is  so 
often  to  be  numbered  and  counted.  The  data  of  the  scientist, 
the  grocer,  the  carpenter  and  the  cook  are  in  important  features 
the  same  as  the  data  of  the  arithmetic  class.  So  also  the  ability 
to  speak  and  write  well  in  classroom  exercises  in  English 
influences  life  widely  because  home  life,  business  and  pro- 
fessional work  are  all  in  part  talking  and  writing.  .  .  . 

"Identity  of  Procedure. — The  habit  acquired  in  a  labora- 
tory course  of  looking  to  see  how  chemicals  do  behave,  instead 
of  guessing  at  the  matter  or  learning  statements  about  it 
out  of  a  book,  may  make  a  girl's  methods  of  cooking  or  a 
boy's  methods  of  manufacturing  more  scientific  because  the 
attitude  of  distrust  of  opinion  and  search  for  facts  may  so 
possess  one  as  to  be  carried  over  from  the  narrower  to  the 
wider  field.  Difficulties  in  studies  may  prepare  students  for 
the  difficulties  of  the  world  as  a  whole  by  cultivating  the 
attitudes  of  neglect  or  discomfort,  ideals  of  accomplishing 
what  one  sets  out  to  do,  and  the  feeling  of  dissatisfaction 
with   failure."      [Thorndike,  '06,  pp.  243-245,  passim] 

"Mental  discipline  is  the  most  important  thing  in  edu- 
cation, but  it  is  specific,  not  general.  The  ability  developed 
by  means  of  one  subject  can  be  transferred  to  another  subject 
only  in  so  far  as  the  latter  has  elements  in  common  with  the 
former.  Abilities  should  be  develoj^ed  in  school  only  by 
means  of  those  elements  of  subject-matter  and  of  method  that 
are  common  to  the  most  valuable  phases  of  the  outside  en- 
vironment. In  the  high  school  there  should  also  be  an  effort 
to  work  out  general  concepts  of  method  from  the  specific 
methods  used."     [Heck,  '09,  Edition  of  '11,  p.   198] 

".  .  .  No  study  should  have  a  place  in  the  curriculum  for 
which  this  general  disciplinary  characteristic  is  the  chief 
recommendation.  Such  advantage  can  ])rohably  be  gotten 
in  some  degree  from  every  study,  and  the  intrinsic  values  of 
each   study  afford   at  present   a   far  safer  criterion  of  edu- 
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cational  work  than  any  which  we' can  derive  from  the  theory 
of  formal  discipline."     [Angell,  '08,  p.   14] 

"The  power  of  thinking  cannot  be  trained  in  the  abstract, 
or  in  isolation  from  the  process  of  acquis'tion  of  knowledge. 
.  .  .  Thinking  power  is  not  an  abstract  and  general  power 
of  the  mind  to  be  applied  equally  well  in  all  sorts  of  situa- 
tions. It  is  rather  a  function  of  some  larger  whole,  varying 
with  the  degree  of  development  of  that  larger  whole.  That 
larger  knowledge  includes  special  knowledge  of  fact  and 
special  training  in  the  technique  of  the  subject.  The  good 
thinker  in  mathematics  may  be  a  very  poor  thinker  in 
economics  or  sociology,  and  vice  versa.  The  habit  of  care 
in  the  examination  of  data,  in  the  analysis  of  a  situation,  etc., 
may  be  carried  over  from  one  department  to  the  other,  but 
the  special  knowledge  and  the  training  in  the  special  technique 
of  one  may  be  of  little  or  no  use  in  the  other.  The  thinking 
process  falls  within  systems  of  organized  fact,  as  well  as  being 
a  factor  in  the  organization  of  material. 

"If  these  things  are  so,  we  delude  ourselves  when  we  think 
of  such  a  thing  as  training  children  to  think  apart  from  the 
process  of  building  up  a  body  of  knowledge.  Again,  there 
may  be  subjects  of  study  which  we  feel  are  valuable  because 
of  the  fact  that  they  are  specially  adapted  to  the  training  of 
the  child  to  think.  But  if  the  stock  of  ideas  in  which  this 
subject  deals  is  one  which  will  seldom  or  never  be  drawn  upon 
in  his  thinking  in  any  other  connection  than  as  a  subject 
of  study,  of  what  value  does  this  training  in  thinking  become 
to  him?  If  we  are  to  train  children  of  any.  age  to  think, 
one  of  the  factors  in  this  process  is  the  building  up  of  a  system 
of  definite  and  exact  knowledge  of  facts  within  the  sphere 
in  which  the  problems  of  thought  are  to  arise."  [Miller,  '09, 
p.  148  f.] 

"The  phrase  itself  "development  of  the  mind,"  so  con- 
stantly used,  is  meaningless.  Nothing  could  be  more  false 
than  that  the  study  of  mathematics  strengthens  the  reasoning 
faculties.  Mathematicians  are  poor  reasoners.  I  mean  those 
who  have  studied  pure  mathematics  only.  Mathematics,  too 
exclusively  pursued,  destroys  both  the  reason  and  the  judg- 
ment. .  .  .  The  idea  that  history  promotes  the  judgment  is 
equally  false.  For  by  history  the  committee  of  course  meant 
the  traditional  history  that  we  have,  and  which  I  have  defined 
as  "a  record  of  exceptional  phenomena."     The  only  faculty 
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such  a  study  could  strengthen,  the  only  one  that  it  calls  into 
exercise,  is  the  memory.  .  .  .  The  only  thing  that  can  "de- 
velop" or  "strengthen"  the  faculties  or  the  mind  is  knowledge, 
and  all  real  knowledge  is  science.  The  effect  of  this  on  the 
mind  is  to  furnish  it  with  something.  It  constitutes  its  con- 
tents, and,  as  we  have  seen,  the  power,  value,  and  real  character 
of  mind  depend  upon  its  contents.  Without  knowledge  the 
mind,  however  capable,  is  impotent  and  worthless."  [L.  F. 
Ward,  '06,  pp.  3 II -3 1 2,  passim] 
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335  f . ;  changes  in  the, rate  of  im- 
provement due  to,  342  ff. 

Analytic  and  selective  functions,  333 
flF. ;  change  of  rate  of  improve- 
ment in,  338  flf. ;  compared  with 
associative  functions,  344  flf. 

Angell,  p.,  300,  399  f.,  403,  406  flf. 

Angell,  J.  R.,  169,  429  f. 

Animal  learning,  6  flf. 

Annoyingness,  and  the  law  of  eflfect, 
4;  addition  and  subtraction  of,  as 
clemenits  in  learning,  187  flf.,  214 
f. ;  not  a  symptom  of  disciplinary 
value,  422  f. 

Appreciative  functions,  332  f. 

Arai,  T.,  302 

Areas,  spread  of  improvement  in 
estimating,  397  f. 

Arrangement,  of  subject  matter, 
230  flf. 

Arithmetic,  order  of  formation  of 
bonds  in,  233  f. ;  permanence  of 
improvement  in,  320,  323  f. ;  spread 
of  improvement  in,  412  flf.  See 
also  Addition,  Division,  Multipli- 
cation 

Arithmetical  inductions  as  illustra- 
tions of  analysis,  T,y  flf. 

ASCHAFFENBERG,    G.,     179    f->    284 

Assimilation,  15,  28  flf. 

Association.  See  Bonds  and  Con- 
nection-forming 

Associative  learning  in  man,   17  flf. 

Associative  shifting,  15  f.,  30  f. 

Attention,  to  elements  as  an  aid  to 
analysis,  ^y  f. ;  direction  of,  in 
telegraphic  receiving,  92  f. ;  im- 
provement  in   range   of,    153    flf. ; 
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to    the    task    as    a    condition    of 
improvement,    226 
Attitude,    functions    of,   65    f.      See 
also    Stt    oi    the    organism 

Babbitt,  E.  H.,  361 

Bagley,  VV.  C,  26,  411 

Bair,  J.  H.,  119,  130  f.,  284,  357, 
403,  405  f. 

Bean,   C.   H.,  307   f.,  321    fif. 

Btnavior,  of  chicks,  6  ff. ;  of  turtles, 
8  f. ;  of  kittens,  9  f. ;  of  man  in 
learning  puzzles,  18 

Berger,  G.  O.,   156 

Bergsirom,  J.  A.,  357 

Betts,  G.  H.,  352 

Bodily  conditions  and  improvement, 
209  fF. 

Bolton,  F.  E.,  428  f. 

Bonds,  between  situation  and  re- 
sponse, I,  4  f. ;  arranged  in  series, 
ID  f. ;  with  elements  of  situations, 
13  f.,  32  ff.,  351  ff. ;  involving 
ideas,  19;  importance  of,  20  ff . ; 
formation  of,  in  man,  23  ff. ; 
manipulation  of.  in  analysis,  39 
flF. ;  number  of,  in  human  learn- 
ing, 54  f. ;  inventories  of,  55  f. ; 
the  organization  of,  56  ff.,  94  f., 
300  ff.,  2)27  f. ;  involved  in  tele- 
graphic receiving,  92  f. ;  order  of 
formation  of,  95  f.,  231  ff.,  261  ff. ; 
interdependence  of,  97  ff.,  275,  350 
ff. ;  addition  and  subtraction  of, 
as  elements  in  improvement,  186  f. ; 
selection  and  arrangement  of,  230 
ff. ;  number,  difficulty  and  order 
of  formation  of,  in  relation  to 
the  form  of  the  practice  curve, 
261  ff. ;  partial  formation  of,  in 
relation  to  the  form  of  practice 
curves,  281  f . ;  of  injurious  effect 
and  plateaus,  288  f. ;  strengthen- 
ing of,  by  inner  growth,  300  ff. ; 
formation  of  harmful,  301,  302 ; 
weakening  by  disuse,  303  ff. ;  dif- 
ferences between,  in  respect  to  per- 


manence, 326  f . ;  correlation  of,  in 
analytic  and  selective  learning, 
348  f. ;  facilitation  and  inhibition 
of,  350  ff. ;  opposition  of,  354  f. ; 
important  features  of,  in  relation 
to  mental  discipline,  418  ff. 

Book,  W.  F.,  17  f.,  137  ff.,  207,  210, 
212  f.,  217  ff.,  220,  238,  243,  261 
f.,  272  £.,  284,  285,  287  ff.,  294, 
300,  309,  311  f.,  314  f.,  316  f.,  326 

Bourdon,  B.,  123,  318  ff. 

Breesf.,   B.  B.,  357 

Brown,  E.  M.,  365 

Bryan,  W.  L.,  85  ff.,  178,  239,  246 
f.,  2S5,  299,  316 

BiJHLER,  K.,  25 

Burnham,  W.  H.,  303,  3'5,  316 

Burt,  C,  381 

Butler,  N.,  363 

Calm,  in  relation  to  iniproveraent, 
226   ff. 

C.\TTELI.,  J.   McK.,   156 

Chance  production  of  stair-case 
effect,   291    ff. 

Changes  in  the  rate  of  improve- 
ment, 88  ff.,  96  ff.,  104  ff.,  235  ff. ; 
in  telegraphy,  88  ff..  96  ff.,  246  ff. ; 
in  typewriting,  104  ff.,  237  ff. ;  in 
addition,  235  ff.,  243,  253  f . ;  in 
general,  239  ff. ;  in  tossing  balls, 
242 ;  in  tapping,  248 ;  in  dis- 
crimination of  weights,  249;  in 
observation  of  visual  details,  249 
ff. ;  in  substitution  tests,  251  f. ; 
in  mental  multiplication,  254; 
general  features  of,  255  ff. ;  causes 
of,  261  ff. ;  in  relation  to  the  num- 
ber and  difficulty  of  formation, 
and  order  of  formation  of  bonds, 
265  ff. ;  in  relation  to  the  potency 
of  bonds.  271  f. ;  in  relation  to 
changes  in  the  learner's  power, 
272  ff. ;  in  relation  to  the  cor- 
relations of  bonds,  275 ;  in  rela- 
tion to  relearning,  276  ff.,  279,  282 
f. ;    in    relation    to    over-learning^ 
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278  ff. ;  in  relation  to  the  partial 
formation  of  bonds,  281  f. ;  in 
relation  to  interest  in  improve- 
ment, 284;  shown  in  plateaus,  284 
ff. ;  shown  in  short-time  fluctu- 
ations, 291  fF. ;  measurement  of, 
29s  ff.  See  also  Curves  of  prac- 
tice, Plateaus  and  Fluctuations  in 
improvement 

Chemistry,  improvement  in,  91, 
100  f. 

Chicks,  learning  of,  6  flf. 

Cleveland,  A.  A.,  220,  301,  315,  316 

CoLviK,   S.   S.,  55,  430 

Commensurability  of  amoimts  of 
improvem<?nt  made  by  different 
individuals  and  in  different  func- 
tions,  165  ff. 

Comparison,  as  an  aid  to  analysis, 
38  f. 

Competing  bonds,  effect  of,  on  per- 
manence,  330   f. 

Composition,  improvement  in,  91, 
100,   216 

CONATV,    T.    ].,    363 

Concomitants,  varying,  38  f. 

Conditions  of  improvement,  in  type- 
writing, 113  ff. ;  in  general,  193  ff. 

Congruity  between  the  set  of  an 
organism  and  its  response,  10 

Contrast,  as  an  aid  to  analysis,  39 

Connection-forming,  11,  17  ff.,  20 
ff. ;  without  ideas  11,  17  ff. ;  in 
man,  20  ff. ;  and  analysis,  39  ff. ; 
and  selective  thinking,  47  ff. ; 
complexity  of  results  of,  54  f. ; 
essential  in  improvement,  186  f. ; 
systematization  of,  by  education, 
230  ff.     See   also  Bonds 

Connections.     See  Bonds 

CoovER,  J.  E.,  169,  300,  399  f.,  403, 
406  ff. 

Copying  behind,  in  telegraphic  re- 
ceiving, 93 

Correlations  of  bonds,  97  ff.,  275 ; 
in  analytic  and  selective  learning. 


348  f.     See  also  Facilitation  and 

Inhibition 
Cross  education,  365  ff. 
Culler,  A.  J.,  357 
Curves   of  practice,   85   ff.,    106   ff., 

236  ff.,  338  ff. 

Davis,  W.  W.,  365  f.,  367 

Dearborn,  W.  F.,  127,  143  f.,  199, 
376  f. 

Delabarre,  E.  B.,  426 

Deterioration  of  mental  functions 
by  disuse,  68,  300  ff. 

Dewey,  J.,  26,  225,  429 

Differences  in  rate  of  improvement, 
between  individuals,  159  ff. ;  be- 
tween functions  162  ff. 

Difficulty  of  formation  of  bonds, 
and  changes  in  the  rate  of  im- 
provement, 261   ff. 

Discipline,  mental,  357  ff. 

Discrimination,  by  varying  concomi- 
tants, 37  ff. ;  of  weights,  153,  249, 
397;  of  points  on  the  skin,  365; 
of  lengths  and  areas,  397;  of 
grays  as  improved  by  training 
with  sounds,  309  f. 

Dispositions.  See  Set  of  the  organ- 
ism 

Distribution  of  practice,  193  ff. 

Disuse,  law  of,  4;  in  relation  to  the 
form  of  curves  of  practice,  282 
ff. ;  deterioration  of  mental  func- 
tions by,  300  ff. ;  effect  of,  on 
readiness,  301,  302 

Division,  improvement  in,  135  f., 
202   ff.,   324 

Donovan,  M.,  134,  159 

DwiGHT,  T.,  363 

Ebbi.vghaus,  H.,  195,  305,  306,  307, 

308,  3^5 
Ebert,  E.,  141  f.,  353,  369  ff. 
Effect,  law  of,  i  f.,  6  ff.,  43,  53 
Efficiency,      concept      of,      67      ff. ; 

measurement   of,    74   ff.,    295   ff. ; 

in    relation    to    a    function's    con- 
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stituent  bonds,  ::6i   flf. ;  variations  1'kacker,  G.   C,  353,  3Q3   ff.,  403  f. 

in,     during     the     same     practice  Frequency  of   improvability,   T31   ff. 

period,  294  f.     See  also  Amount  Functions,  mental,  defined,  57;  anal- 

and    Rate    of    Improvement,    and  ysis    of,    58;    description    of,    59 

Changes  in  Rate  of  Improvement  ff. ;     characteristics     of,     63     if.; 

Elements,   prepotency  of,    13   f.,   26  measurement  of  the  efficiency  of, 

ff.,    2)2    ff. ;    responses    to,    19    f.,  68    ff. ;    improvement    of,    85    ff.; 

Z7    ff- ;    action    of,    in    facilitation  differences  of,  in  rate  of  improve- 

and  inhibition.  351   ff. ;   spread  of  ment,    162   ff. ;    informational,   ap- 

improvement  by  identical,  358  f . ;  preciative,  analytic,  and   selective, 

399,  418  ff.,  427  f.,  429,  430  f.  332     ff.       See     also      Efficiency, 

Emotional    excitement,    in    relation  Amount    and    rate    of    improve- 
to  improvement,  226  ff.  ment,    Changes    in    the    rate    of 

English     composition.       See     Com-  improvement,  Permanence  of  Im- 
position provement  and   Mental   Discipline 

Equality  of  school   subjects  in  dis- 
ciplinary   value,    doctrine   of    the.  Gains  due  to  analysis.  .^2  f. 

4-3  General    ability.      See    Mental    dis- 

Excitement,    emotional,    in    relation  cioline 

to  improvement,  226  ff.  German      script,      improvement      in 

Exercise,  law  of,  2  ff.,  39  ff- ;  nieas-  ^^^^-^^   ^,^j  ^^;,-^,g    ^3^  ^^  ^^. 

ures  of  the  amount  of,  295   ff.  vocabularies.       improvement       in 

Expertness   of   sleight-of-hand   per-  learning    142  f 

formers   and    pianists   in    relation  q.^bert,  J.  A..   169,  403   f- 

to    the    spread    of    improvement,  ^             .....          £■,„<• 

Grays,  discnmmation  of,  399  f. 

415 

Facilitation,  350  ff. ;  by  composition  Habit-formation,   in   animals,  6   ff. ; 

and    insertion  of  totals,   351;   by  in  man,    20   ff.     See   also   Bonds 

composition  and  insertion  of  ele-  Habits.    See  Bonds 

ments.  351   f. ;  by   reorganization,  Haenel,  H.,  207 

353.  by  transferred  set  or  attitude,  Hahn,  H.  H.,  135,  159 

353  f- ;  by  transferred  neglect,  354  Handwriting,  scale  for,  75  ff. 

Faculty  psychology,  363   f.  Harmful   bonds,    formation    of,   301 

Fatigue  masking  improvement,  301  f.  Harter,  N.,  85  ff.,   178.  239,  246  f.. 

Finger  movements,  119,  415  285,  299,  316 

Fluctuations  in  improvement,  88  f..  Heck,  W.  H.,  425,  431 

III,   239,   242   ff.,   284  ff.,   291   ff.  Henderson,  E.  N.,  427  f. 

See  also   Changes  in  rate  of'  im-  Herbartian    views    on    formal    dis- 

provement,  and   Plateaus  cipline,  359 

Forgetting,  rate  of,  305  ff. ;   special  Heuman,  G.,  222 

protection  against,  329  f.   See  also  Hierarchies  of  habits.  94  f. 

Permanence  of  improvement,  and  Hill,  L.  B..   102,   113,   140,  210  f. 

Disuse  Horne,  H.  H.,  430 

Formal   functions,   elements  of  im-  Hunger,  and  improvement,  207  f. 

provement    in,    191    f.  Hyde,  W.,  125  f.,  196  f.,  403,  406 

Foster.  W.  S.,  403  Hylan,  J.  P.,  221,  225 


448  INDEX 

Ideals,    in    relation   to   mental    dis-  Jldd,  C.  H.,  400 
cipline,  359,  428,  430 

Ideas,  as  terms  in  associative  learn-  Kafemann,  R.,    207,  208,  209 

ing,   19.     See  also  Analysis,  Ele-  Kirby,  T.  J.,  132,  134  flf.,  159,  162, 

raents,  and  Selective  thinking  203  f.,  225,  323  f. 

Identification    of   bonds    as    a    con-  Kittens,  learning  of,  9  f. 

dition  of  improvement,  215  f.  Kline,  L.  W.,  122,  401  ff. 

Illusion,  Miiller-Lyer,  400  Kkaepelin,   E.,   221,   225,    235,   241, 

Imagery,  338,  352  243 

Improvability,  frequency  of,   151   ff.  KuRZ,  E.,  241,  243 

Improvement,    concept    of,    67    ff. ; 

measurement   of,   68   flf.,   295    fT. ;  Ladd,  G.  T.,  13 

sample  studies  of,  85  ff. ;  amount  Language,  improvement  in,  91,  100, 

and  rate  of,  116  f . ;  frequency  of,  150 

151    ff. ;    rapidity   of,    157    f. ;    in-  Learning,  of  animals,  6  flF. ;  associa- 

dividual  differences  in,  159  ff . ;  in  tive,  17  ff. ;  analytic  and  selective, 

different    functions,     162    ff. ;     in  32  ff.    See  also  Amount  and  rate 

relation  to  initial  ability,  168  flF.;  of  improvement,   Changes   in  the 

limit  of,  177  flf. ;  elements  in,  186  rate  of  improvement,  Connection- 

ff. ;  conditions  of,  193  flF.;  interest  forming,  and  Improvement 

in,  220  flF. ;  changes  in  the  rate  of,  Length  of  practice  periods,   193   AT. 

235    flF. ;    permanence    of,   300   flF. ;  Lengths,  spread  of  improvement  in 

in      informational,      appreciative,  estimating,  397  f. 

analytic,   and    selective    functions,  Leuba,  J.  H.,  125  f.,  196  f.,  403,  406 

332  flF. ;  spread  of,  350  flF.  Limit  of  improvement,  104,  177  ff., 

Individual  diflFerences,   159  flF.  257  f. 

Influence    of    improvement    in    one  Lodeman,  A.,  362 
function  upon  others,  350  flF. 

Informational  functions,  257.  332  f.  MacCracken,  H.    M.,  363 

Inhibition.  330  f..  3SO  f.,  354  f.,  356  f.  MacDoucall.  W.,  381 

Initial  ability  and  improvement,  168  McMurry,  F.  M,  26 

ff.  Magneff,  N.,  304,  305,  308 

Intensities  of  sound,  training  with.  Manipulation  of  bonds,  230  flF. 

393  ff.  Marbe,  K.,  25 

Interdependence     of    mental     func-  Marking  tests,  122  f.,  318  f.,  323,  398 

tions,  260  Maze  test,  119 

Interest   and   improvement,   217   AF.,  Measurement    of    the    eflRciency    of, 

284  functions,  68  flF.,    181    flF.,  295  flF.; 

Interference    150  ff.  ^^    defined    amounts    of    one    or 

Intervals    between    practice-periods,  ™o''e  quantities,  68  flF.;  by  pres- 

113  flF.    193  flF.  ^"^^  o'"  absence,  y2\  by   relative 

Introspection,  60  position,  72  f. ;  samples  of  scales 

for,  75  ff. ;  summarizing  scores  as 

James,  W.,  38,  48  flF.,  156,  359,  368  means  of,  78;  abstract  nature  of, 

Jastrow,  J.,  415  78  flF.;  by  products  produced,  80 

JosT,  A.,  195  f. ;    of    individual    differences    in 

Johnson,  W.  S.,  169,  173,  289,  406  improvement,   165   flF.;  of  amount 
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of  exercise  of  a  function,  i66  f.,  Multiplication,   mental,   146  ff.,  204 

24s,  295  flf . ;  of  improvement  near  ff.,    254 

its  limit,  181   ff. ;  of  efficiency  at  Munn,  A.   F.,    127,    197   f.,   251    f., 

various    stages,    295    ff. ;    by    the  253,  256,  321 

variability  of  a  group  as  a  unit,  Munsterberg,  H.,  357,  425  f. 

Memorizing,    improvement    in,    141  ^^''"'"^   ^^'^''   P^'-'^anence   of    ,m- 

ff.,  195  f.;  spread  of  improvement  P^-ovement   m,   319   f- 

in    -^68  ff    A26  Neatness,    spread    of    improvement 

Memory.     See   Permanence  of   im-  ^'.'             .        . 

Negative    acceleration    m    improve- 

provement  ^ 

Mental  discipline,   357   ff . ;    changes  --"^^"  '     ^^      ,         . 

-  .   .  ■           r     ,,„/¥. J  Neglect,   transfer   of,   354,   429   f. 

m    expectation    of,    357    ff. ;    and  ^                              '   ojh>   t  y 

cross     education,     365     ff. ;     and  Nonsense  syllables,   rate  of  forget- 

practice  in  memorizing  368  ff . ;  and  ^'"^'  ^°S  ff- ;  spread  of  improve- 

..•,..•            J             •  ment  in  memorizing,  369  ff. 

practice  m  attention  and  organi-  ..       ,    ,                                ^  „ 

cc           A           .■       ■  Novel  data,  responses  to,  40  ff. 

zaition,   393    ff. ;    and   practice    m  ^^      ,           ',       f    .           '.^ 

,         •            A      .•      ..•  Number  of  bonds,  in  relation  to  the 

observing  and  estimating  sensory  .            .           . 

J  .      re          A          *•       •  form  of  practice  curves,  261  ff. 

data,  397  ff. ;  and  practice  m  re-  ^                        ' 

acting   to    a    signal,    403    f . ;    and  Objective    and    subjective    study   of 

practice  in  various  sensori-motor  mental   functions,   59  ff. 

functions,  405   ff . ;   and   the  solu-  Observation  of  usual  details.     See 

tion    of    mechanical    puzzles,    408  Marking  tests 

ff . ;  and  experiments  under  school  Obstruction   of  the  nose,   effect   of 

conditions      on      neatness      and  on  improvement,  208 

arithmetical  abilities,  411  ff. ;  and  Oehrn,  A.,  169 

data  from  experts,  415;   and  the  Opinions     concerning     mental     dis- 

amount   of   improvement,  415   f. ;  cipline,   425   ff. 

general    rationale   of,   418   ff . ;    in  Order    of    formation    of    bonds,    in 

schools,   422   ff.;   present  opinion  telegraphy,  95  f. ;   as  a  condition 

concerning,   425   ff.  of  improvement,  231  ff . ;  in  rela- 

Mental  functions.    See  Functions  tion     to    the    form    of    practice 

Messer,  a.,  25  curves,  261  ff. 

Meumann,   E.,   141   f.,  353,  369  ff.  Organizaition  of  bonds,  56  ff.,  94  f., 

Miesemer,  K.,  294  300  ff.,   327   f.     See  also   Bonds, 

Miller,  I.  E.,  431  f.  Correlations,        Functions,       and 

Mirror-drawing,  18  Hierarchies 

Moral  functions.  226  Over-learning,   278  ff.,  32S  f- 

Morgan,  C.  L.,  360  Parabolic  form  of  practice  curves, 

Morris,  J.  H.,  362  255  f. 

MuLLER,  G.  E.,  382  Partial    activity,    13    f.,    26    ff.,    34, 

Miiller-Lyer    illusion,    influence    of  351   ff.     See  also  Elements 

practice  on  the  strength  of  the,  Partridge,  G.  E.,   118 

400  Payne,  J.,  360 

Multiple  response,  12,  23  f.  Percentile     changes     as     measures, 

Multiple-scale  efficiencies,  69  ff.  296  f. 

20 
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Perception,  tests  of.  See  Marking 
tests 

Period  length,  193  ff. 

Permanence  of  improvement,  300 
ff. ;  in  general,  300  ff.,  324  ff. ;  in 
knowledge  of  nonsense  series  and 
poetry,  305  ff. ;  in  tossing  balls, 
309  f . ;  in  typewriting,  112  f.,  310 
ff. ;  variations  in,  317  f . ;  in  mark- 
ing, translating,  substituting,  etc., 
318  ff. ;  in  arithmetic,  320,  323  f. ; 
and  over-learning,  325  f. ;  and  the 
nature  of  the  bonds  concerned,  326 
f. ;  and  the  organization  of  the 
bonds  concerned,  327  ff. ;  and 
learning  not  to  forget,  329  f. ;  and 
competing  bonds,  330  f. 

Peterson,  H.  A.,  369 

Physiological  conditions  of  improve- 
ment, 206  ff. 

PiLLSBURV,  W.  B.,  426  f. 

Plateaus,  in  telegraphic  receiving, 
89,  96  f . ;  in  learning  in  general, 
99  ff.,  284  ff. ;  theories  of,  286  ff. ; 
and  correlations  of  bonds,  286; 
and  changes  in  satisfyingncss,  287, 
288  f. ;  and  the  formation  of  harm- 
ful bonds,  288  ff. ;  and  the  dif- 
ficulty of  formation  of  bonds,  290. 
See  also  Changes  in  the  rate  of 
improvement  and   Fluctuations. 

Poetry,  rate  of  forgetting,  308  f. ; 
spread  of  improvement  in  mem- 
orizing, ijy,  379  f. 

Positive  acceleration  of  improve- 
ment, 257 

Potency  of  bonds  in  relation  to  the 
form  of  curves  of  practice,  271  f. 

Practice,  distribution  of,  193  ff.  See 
also  Improvement,  Amount  and 
rate  of  improvement,  Changes  in 
the  rate  of  improvement.  Per- 
manence of  improvement,  Mental 
discipline,  etc. 

Problem  attitude,  225 

Prose,  spread  of  improvement  in 
memorizing,  378  ff. 


Psychological  conditions  of  im- 
provement, 213  ff. 

Pulse,  in  relation  to  improvement, 
212  f. 

Purposive  behavior,  51  ff. 

Puzzles,  responses  to,  18;  improve- 
ment with,  333  ff. ;  change  of 
rate  of  improvement  with,  338 
ff. ;  spread  of  improvement  with, 
408   ff. 

Pyle,  W.  H.,  201  f 

Radossawljewitsch,  p.  R.,  304, 
305.  306,  307,  308,  325 

Raif,  O.,  415 

Rate  of  improvement.  See  Amount 
and  rate  and  Changes  in  the  rate 
of  improvement 

Reaction-time,  spread  of  improve- 
ment  in,  403   f. 

Readiness,  law  of,  i  f. ;  effect  of 
disuse    on,    301,    302 

Reading,  231 

Reasoning.  See  Selective  functions 
and  Selective  thinking 

Redintegration,   48    ff. 

Refraction,  transferred  knowledge 
of,  400  f. 

Reinforcement,    350   ff. 

Rejall,  A.  E.,  102,  113,  140,  210 
f.,  244  f.,  256,  289,  309,  312 

Relative  position,  measurement  by, 
72  f. 

Relearning,  276  ff.,  279,  282  f.,  305 
ff.,  309  ff- 

Responses,  multiple  12,  23  f. ;  to 
elements,  13  f.,  19  f.,  37  f. ;  op- 
posite, 40  ff. ;  to  novel  data,  46  ff. 

RiBOT,  T.,  303 

Rise,  early  rapid,  in  curves  of  prac- 
tice, 255  ff.,  280  ff. 

Roark,  R.   N.,  360 

RoEMER,  E.,  207,  209 

Rowe,  S.  H.,  429 

ruediger,  w.  c,  411,  412,  4-9 

RUGER,   H.    A.,    18,   46,   210.   285,   289, 
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290,  333  ff-,  338,  342,  344,  349.  352, 
354,  408  ff. 
Russian,    improvement    in    reading, 
150 

Satisfyingness,  in  relation  to  im- 
provement, 90  f.,  187  ff.,  214  f. ; 
in  relation  to  plateaus,  287,  288  f. 

Scales  for  measuring  the  efficiency 
of  mental  functions,  68  ff. 

ScHOLCKOW,   400   f. 

School  conditions,  improvement 
under,  134  ff..  157  ff.,  203  f.,  411  ff- 

Schools,  mental  discipline  in,  422  ff. 

Schuyler,  W.,  136  f.,  168,  309,  310, 
326 

Score.     See  Measurement 

Scripture,  E.  \V.,  365,  367 

Selection  of  subject  matter,  230  ff. 

Selective  and  analytic  functions.  .SV^ 
Analytic   and    Selective   functions 

Selective  thinking,  17,  35  ff.,  46  ff., 
332  ff. 

Sensory  discrimination.  See  Dis- 
crimination 

Sensori-motor  functions,  i  [8  ff.,  326 

Set  of  the  organism,  13,  24  ff.,  53; 
independent  of  emotional  excite- 
ment, 227  f. ;  transfer  of,  353  f. ; 
in    relation    to   alternative   bonds, 

355  ff. 

Shifting,  associative,  15  f.,  30  f. 

Shorthand,   improvement   in,    140   f. 

Significance  to  the  learner,  as  a 
condition  of  improvement,  226 

Similarity,  association  by,  48  ff. 

Situations,  piecemeal  activity  of,  13 
f. ;   general   elements  .  of,   420  f. 

Skill,  119  ff.,  226  f.,  425  f. 

Sleight,  W.   G.,   145  f.,  379  ff- 

Sleight-of-hand   expertness,   415 

Smith,  T.  L.,  365 

Sorting  cards,  spread  of  improve- 
ment in,  406  ff. 

Sound,  training  with  intensities  of, 
393   ff- 


Specialization  of  mental  functions, 
opinions  concerning  425  ff.  See 
also  Mental  discipline 

Speed  and  accuracy,  combination  of, 
in  a  score  for  etificiency,  in  f., 
132,   146  f. 

Spread  of  improvement.  See  Men- 
tal discipline 

Squire,  C.  G.,  411 

Stair-case  effect,  291  ff. 

Starch,  D.,   18  f.,  127,  149,  199  ff. 

Strength  of  bonds,  2  f . ;  of  grip 
and  triceps  in  relation  to  cross 
education,  365 

Stumff,  C,  367 

Subjective  and  objective  study  of 
mental  functions,  59  ff. 

Substitution   tests,    127    ff.,    196   ff., 

-^51  U  321 

Subtraction  of  bonds,  as  a  factor  in 
improvement,    186    f. 

Swift,  E.  J.,  118,  120  f.,  136  f.,  140, 
150,  168,  207,  209  f.,  219,  220,  250, 
28s,  286  f.,  293  f.,  299,  309  U 
312  ff.,  316,  326,  366,  307 

Tables,  spread  of  improvement  in 
memorizing,    319  ff. 

Tapping,  improvement  in,  121  f., 
248  f.,  permanence  of  improve- 
ment in,  322  f.,  cross  education 
in,  365 

Telegraphy,  improvement  in,  85  ff., 
246  ff. ;  plateaus  in,  285  f. 

Tension  and  improvement,  229  f. 

Thinking,  opinions  concerning 
specialization  in,  429,  432.  See 
also  Analyis,  Selection,  Bonds, 
Mental   discipline,  etc. 

Thomas,  C,  362 

Thorndike,  E.  L.,  44,  132,  142  f, 
146  f.,  153,  159,  177,  204  ff.,  220, 
224,  225,  352,  358  ff.,  397  ff-,  4.?o  f. 

Time  spent,  as  a  measure  of  the 
amount  of  exercise  of  a  function, 
295  ff- 
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Tossing  balls,  improvement  in,  120 
f.,  242,  309  f. 

Transfer  of  improvement.  See 
Mental  discipline 

Translation,   150,  318  f. 

Trional,  effects  of,  on  improvement, 
207 

Turtles,  learning  in  the  case  of,  8  f. 

Type-setters,  improvement  in  the 
case  of,  179 

Type-writing,  amount  of  improve- 
ment in,  102  ff.,  130  f.,  136  fif. ; 
changes  in  the  rate  of  improve- 
ment in,  227  ff-.  243  f.,  286  flF. ; 
variations  in  efficiency  of,  294  f. ; 
permanence  of  improvement  in, 
310  f.,  321  f. ;  spread  of  improve- 
ment in,  405 

Use,  law  of,  2  f. 

Variability  of  group,  as   a  unit  of 

measure,   385 
Variation,  214,  337  f. 
Variations   in   efficiency    within  the 

same  practice  period,  294  f. 
Varied  reaction,  12,  23  f. 
Vocabularies,  memorizing  of,  142  fF. 
VoGT,  R.,  241,  243,  317 

VOLKMANN,  A.   W.,  365 

Voluntary  thinking,  51  fif. 


Watt,  H.  J.,  25 

Weights,     discrimination     of,     249, 

397  f- 
Wells,   F.   L.,   121    f.,   123   f.,   132, 

136,  155  f-  159,  174  ff-  220,  223, 

224,  225,  23s  f.,  248,  250,  256 
Weygandt,  W.,  155,  207,  208,  2og, 

222  f.,  224 
Whipple,  G.  M.,  123,  153  ff.,  403 
White,  W.  F.,  320 
Whitley,   M.   T.,   119,   123,   148  f., 

153.  159.  161,  162,  168  ff.,  204  ff., 

249,  251 

\VlLSON,   W.,   363 
WiMMS,   J.   H.,    161 

Winch.   W.    H.,    144,    377   f.,   411, 

412   ff. 
Wink,  practice  in  controlling,  118  f. 

WiNTELER,    J.,    123 

WOODWORTH,    R.    S.,    13,    153,    190    f., 

364,  366,  397  ff- 
Worm  ELL,  R.,  363 
Worry,  and  improvement,  229  f. 
Wright,  W.  R.,  219 
Writing  German  script,  125  f. 

Yerkes,  R.  M.,  9 

Zero  efficiency,   improvement   from, 
258  f. ;  difficulty  of  defining,  259  f. 
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